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PREFACE

THIS hook is intended to servo both as a textbook and as a laboratory

manual in courses in psychological tests. It is the hope of the

authors that it may bridge the gap between the handbook of mental

tests on the one hand, and the general textbook treatment on the

oilier. The material in the book covers a wide range of topics, and

il is possible for the instructor, who is giving a laboratory course, to

select as many or us few of the tests as he sees fit.

Part One describes many tests not usually included in courses in

mental testing, principally, we believe, because of the too great

emphasis placed upon general intelligence tests. Tests of memory,

learning, molor coordination and the like, however, besides being

extremely useful to the applied psychologist, are really more psy-

chological in the sense of being measures of identifiable psycho-

logical functions than arc the batteries of paper-and-pencil tests

designed to measure such complex functions as intelligence and per-

sonality. Part Two contains the tests which are probably most useful

to students of education and of vocational psychology.

The chapter on statistical method usually found in books on tests

has not boon included for various reasons. Statistical methods have

become so extensive that it is impossible in a single chapter to give

the beginning student an adequate foundation. Moreover, we believe

that the student, who intends to make himself really acquainted with

psychological tests, should take a course in statistics before he begins

the study of mental measurement.

The division of responsibility in the writing of this book should,

perhaps, be indicated here. M. R. Schneck contributed most of the

material to Part One; H. E, Garrett contributed the material to

Part Two, and is ressponsible for the general plan of the book.

Acknowledgments to authors and publishers from whose work we

have taken material are made at appropriate places in the text. We
are indebted to the following colleagues and friends who read one

or more chapters in manuscript: Professors R. S. Woodworth and

C. J. Warden, and Dr. Otto Klineberg, of Columbia University; Pro-

fessor J. W* Dunlap, of Fordham University; and Professors John
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F. Walker and J. E. Caster, of the University of Arizona. Misses

Franklyn Royer and Calhcrinc Margan, of the University of Arizona,

assisted in gathering material for Parl One. Dr. Anno Anaslasi, of

Barnard College, and Mr. Benjamin II. Brown, of Columbia, ren-

dered well-nigh indispensable serviee in many ways. We arc grate-

ful to Professor Gardner Murphy, ihe editor of llie series, for many
helpful suggestions.

II. K. OAKKKTT
M. K. SCUNKCK
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CHAPTER I

TESTS OF PHYSICAL AND SENSORY CAPACITY

i. PHYSICAL TESTS

WHILE the chief interest of the experimental psychologist in physical
tests has been as a means of studying the relation of mental and

physical characteristics, such tests have wide and diverse applica-
tions in other fields. To the anthropologist and sociologist, physical
tests have long been useful in studying individual and group dif-

ferences, as well as the effects of environmental factors upon bodily

growth and general health. Physical tests are valuable to the applied

psychologist engaged in vocational and educational guidance; and

especially useful, also, to the clinical psychologist in dealing with

delinquent, incorrigible and mentally backward individuals.

Many recent investigations have shown the extent to which physical

deficiencies may affect social and emotional adjustments, as well as

achievement in school. This knowledge has greatly stimulated the

use of physical tests in schools and colleges. Interest in physical

measurement has been aroused, too, by a movement among certain

German psychologists and psychiatrists in which body measurement

plays an important part. This movement has led to a "psychology of

types," the purpose of which is to establish significant relations

between body type and mental, emotional and temperamental make-

up. Endocrinology has also contributed new impetus to the study

of physical growth and physiological conditions. The role of the

endocrine glands in personality growth and personality changes has

opened up a new and fascinating field in which physical measures

are extremely important.

The tests described in this section represent a selection from many
existent tests of physical and physiological efficiency. Tests of narrow

functions, specialized tests, and those of little value to the psychol-

ogist, have been omitted. Measurements of brightness discrimination,

NOTE: References in italics are to Part Two.

3



4 PSYCHOLOGICAL TESTS

of skin and pain sensitivity, of weight discrimination and the like are

not included. A comprehensive discussion of many of these tests

will be found in Whipple (53).
1

The following tests will be considered in some detail:

Height

Weight

Lung capacity and vital index

Cephalic index

Strength of grip

Strength of back

Strength of legs

Strength of arms

Pulse rate

Methods of giving these tests, and some of the important results

attained by their use, will be presented. It will also be shown how a

group of physical measures may be combined to give an index of

general physical efficiency. This index was devised by Rogers (39)

as a measure of athletic ability. It is, however, a good indication of

general bodily fitness, and hence is useful in other connections.

1. Height and Weight

Height is one of the most commonly measured physical char-

acteristics, and correlations between it and other physical and mental

traits have been sought in many studies (46). Besides its use as a

separate measure, height enters into several indices which seek to

define physical types. Naccarati (30), for instance, made use of

height in his effort to discover a relationship between general in-

telligence and physical constitution. As a measure of constitution,

Naccarati employed a morphologic index, which was obtained by

adding together the length of one arm and one leg, and dividing this

sum by the volume of the trunk. The ratio of height to weight was
found to have a correlation of .75 with the morphologic index in

one group of fifty college students; and .70 in a second group of

seventy-five students. On the basis of these correlations, Naccarati

took the height-weight ratio to be a fairly satisfactory substitute for

the morphologic index. Hence, in many of his groups, he correlated

measures of general intelligence with the height-weight ratio rather

1 Numbers in parentheses throughout refer to the bibliography at the end of each

chapter.
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than with the less easily obtained morphologic index. Naccarati's

major findings were as follows:

(a) The con elation between intelligence and the morphologic
index was .75 in a group of seventy-five college students. The
measure of intelligence was the Thorndike Entrance Examination,
the reliability of which, according to Peatman (34), is .83.

(b) The correlation between the height-weight ratio and the

Thorndike Examination was .23 in a group of 221 college students,

including the seventy-five mentioned in (a).

(c) In the same group of 221 subjects, the correlation of height
alone with the Thorndike Examination was .04.

These results point to a closer relationship between intelligence

tests and the morphologic index than between intelligence and either

height or the height-weight ratio. But in no case is the relationship

high. Sheldon (42) employed the morphologic index in an investi-

gation at the University of Chicago, and obtained much the same

results as Naccarati. Sheldon used as his measure of intelligence the

Psychological Examination of the American Counsel on Education

(1924 Edition) constructed by L. L. Thurstone. His group consisted

of 450 college students. A correlation of .14 was obtained by Shel-

don between the morphologic index and general intelligence test

scores, which is even lower than the result obtained by Naccarati. It

is possible, and even probable, that in a group less highly selected

than college students, the correlation between body type and meas-

ures of general ability would be higher than the figures cited. It is

worth noting, however, that Sheldon found a correlation between

estimates of intelligence (based upon ten minutes' acquaintance) and

grades in the University of Chicago of .21; while the correlation

between morphologic index and grades was .11.

Sheldon (43) has reported another interesting study in which the

morphologic index was used. Taking his cue from the fact that

Kretschmer (23) found a relationship between certain types of

physique and mental traits, Sheldon looked for a relationship be-

tween the morphologic index and social traits. This possibility is

supported, superficially, by the resemblance of Kretschmer's types

to Naccarati's types. Sheldon obtained ratings of 155 college fresh-

men, in the following traits: sociability, perseverance, leadership,

aggressiveness and emotional excitability. Re-ratings of twenty-eight

subjects a month later showed a rating reliability ranging from .82
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to .93. Of sixty correlations calculated between social ratings and

either the morphologic index or its components, twelve are above

.10, two are above .20, and seventeen are negative. The highest

positive correlation was .24, and the highest negative correlation

.22. These correlations are low, but Sheldon suggests that they

are too high and too numerous to be due entirely to chance. It is

doubtful, however, whether the relationship of the morphologic index

to social traits is closer than is its relationship to measures of intelli-

gence or to scholastic aptitude.

Kretschmer (23) believes that he has discovered a decided rela-

tionship between physical type and temperamental make-up. He
has described four physical types, as follows: (a) the asthenic

physique, which is tall, slender, and relatively feeble; (b) the ath-

letic, strong, well-muscled, vigorous; (c) the pyknic, inclined to

obesity and usually short in stature; (d) the dysplastic, an inter-

mediate group whose abnormalities usually arise from endocrine

disturbance. Kretschmer's temperamental types are (a) the cycloid,

which is akin to the manic or excited phase of manic-depressive

psychosis and (b) the schizoid, which is characterized by unsociable,

shy and introverted behavior, and is akin to dementia praecox.

Kretschmer's data showing the relation between the physical and

temperamental types are impressive when taken at face value:

RELATION BETWEEN PHYSICAL TYPES AND MENTAL DISEASE TYPES

Physical Type No. of Cycloids No. of Schizoids

Asthenic . 4 81
Athletic . ... 3 31

Pyknic 58 2

The accuracy of this table depends, of course, upon the validity
of Kretschmer's classification of the mental disease types. It is pos-
sible that this classification was influenced by Kretschmer's psychi-
atric theories. In any event, the scheme is based upon extreme, i.e.,

pathological, cases; and it is important to know to what extent the

classification applies to non-pathological cases.

Most of the correlations between height and intelligence are neg-

ligible and practically all of them are low. Naccarati's low correla-

tion has already been quoted (p. 5). Sommerville (46), in a group
of ninety-eight college students, correlated height with the Thorn-
dike Entrance Examination. When variability arising from age was
held constant, the coefficient was .16. Abernethy (1) has studied the

relation between height and mental age (Stanford-Binet), her sub-
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jects being 120 girls between six and twelve years of age. When the

age factor was held constant statistically, the correlation between

height and mental age was .34, which is fairly high. In an older

group, ages thirteen to seventeen, the correlation, when calculated

for each age group separately, ranged from .01 to .25, and the

probable errors from .08 to .12. Gittings (15) has studied the rela-

tion of mental to physical traits in a group of seventy-five freshmen
women in the University of Arizona. She found the correlation

between height and scores in the Army Alpha Test to be .18, which

is, of course, statistically unreliable. In general, these results indi-

cate a negligible correlation between height and intelligence.

Correlations between weight and measures of intelligence are no

more impressive than are those for height and intelligence. Naccarati

(30), in a group of 221 college students, reported the correlation

between weight and the Thorndike Entrance Examination to be

.18. Naccarati and Guinzberg (31), using the same intelligence

examination with 252 male college students below the age of twenty-

one, found the correlation with weight to be .02. Murdoch and

Sullivan (29) have studied the relationship between intelligence

measures and weight in a group of 600 children, six to eighteen years
old. Standard tests were used, viz., the Otis Primary Intelligence Test,

the National Intelligence Test and the Terman Group Intelligence

Test. For the group as a whole, the correlation between intelligence,

as expressed in terms of the intelligence quotient, and weight was .16.

Subdividing the group into three divisions, Murdoch and Sullivan

report the following correlations: Pre-adolescents, .17 (N= 171);

adolescents, .16 (N= 262) ; post-adolescents, .14 (N= 171). This

study included boys and girls, but the correlations were not apprecia-

bly altered when coefficients were computed separately for each sex.

Gates (14) has substantiated these results with young children.

The lack of correlation between height and weight and measures

of general mental ability does not mean necessarily that these physi-

cal measures have little value for psychology. After all, height and

weight are rather gross measures of physical status, subject to many

influences, and one could hardly expect them to show a high or con-

sistent relationship to measures of mental ability. The most valuable

information for psychologists, found by those investigators who have

studied height and weight in various connections, has been sum-

marized by Whipple (53) as follows:
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(a) Boys continue to increase in both height and weight later

than do girls. Girls grow most rapidly between ten and fifteen years ;

boys between twelve and seventeen years.

(b) During the pre-pubertal period (eleven to thirteen years)

girls are taller and heavier than boys of the same age.

(c) During the period of adoles-

cence, children do not all grow at the

same rate. Variations in weight are

largest during this jperiod.

(d) First-born children tend to be

taller and heavier than later-born chil-

dren, but the difference is probably not

significant.

(e) Boys in the public schools are in

general taller and heavier than boys in

truant schools.

(f ) In an extensive survey, Goddard

(16) found that feeble-minded children

are shorter and lighter than normal

children of the same age. The greater

the mental defect, the greater the diver-

gence from normal height and weight.

(g) The correlation between height

and weight will vary from .50 to .75,

depending upon the size and the age
level of the group.

Directions for the accurate measurement of height and of weight
follow. Average measurements, for boys, girls, men and women are

given in Tables I to IV.

Test 1. Height

Apparatus: Stadiometer, obtainable from the C. H. Stoelting Company,
Chicago, Illinois, or from the Marietta Apparatus Company, Marietta,
Ohio.

Method: The subject (S), with shoes removed, stands on the box of the

stadiometer, with heels, shoulders and back of the head in light contact

with the upright rod. The chin should not be raised or lowered. The

experimenter (E) brings the sliding horizontal bar down until it rests

squarely, without pressure, on the head. The reading is taken directly
from the scale on the upright rod.

Record: Measurement may be taken in centimeters or in inches.

Figure 1. STADIOMETER, OR

HEIGHT STAND

(Reproduced by courtesy of the

C. H. Stocking Co.)
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Alternative Method: If the stadiometer is not available, a scale may be
marked off on a wall or some other upright surface. The surface on
which S stands should be perfectly level.

Test 2. Weight
Apparatus: Accurate scales, preferably graduated both in pounds and
kilograms. Obtainable from the C. H. Stoelting Co., Chicago, Illinois,
or the Marietta Apparatus Co., Marietta, Ohio.

Method: For exact results, weight should be taken without clothing. But

HEIGHT AND WEIGHT TABLES
TABLE I

WEIGHT-HEIGHT-AGE TABLE FOR BOYS
\ By B. T. Baldwin and T. D. Wood

(From H. L. Smith and W. W Wright [45])
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most tables of norms, including that on p. 9, are based upon weight

taken in ordinary indoor clothing and shoes. Fairly accurate figures for

weight without clothes may be obtained by subtracting 5 per cent, of

the gross weight for children, 6 to 8 per cent, for men, and 4 to 5

per cent, for women, depending upon the season.

Note: The following remarks are offered by Wood (57) : "Up to twenty

years of age, it is advantageous for health to weigh as much as the

standard in the table for height and age. Above the age of thirty, over-

weight is decidedly disadvantageous to health. For a person above

thirty, the best weight standard is given by the table in the thirty-to-

thirty-four-year column."

TABLE II

WEIGHT-HEIGHT-AGE TABLE FOR GIRLS

By B. T. Baldwin and T. D. Wood

(From H. L Smith and W. W Wright [45])
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TABLE III

WEIGHT-HEIGHT-AGE TABLE FOR WOMEN
(From T D Wood [57])

11

TABLE IV

WEIGHT-IlEIGHT-ACE TABLE FOR MEN
(From T. D Wood [57])

2. Vital Capacity and Vital Index

Vital capacity is defined as the greatest quantity of air that can

be exhaled from the lungs after a maximal inhalation. Together with

weight, it has long been considered a valuable index of physical con-

dition. The vital index is obtained by dividing vital capacity, in
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cubic centimeters, by weight, in kilograms. Weight gives us an indi-

cation of bodily size, and therefore of the quantity of tissue to be

supplied with blood by the circulatory system. Since the major func-

tion of breathing is that of oxidizing the blood, the ratio of vital

capacity to weight is presumably a measure of the efficiency of the

oxidation process. Some writers prefer to calculate the vital index

by substituting height for weight. Among these are Collins and

Howe (6), and A. H. Turner (52), the latter finding that there is a

closer relationship between vital capacity

and height than between vital capacity and

weight. But the usual calculation employs

weight. Rogers (39) reports that though
the reliability of lung capacity is high, it

ranks lowest of all physical capacity tests

as a measure of general athletic ability.

Lung capacity is, however, used by Rogers
in the calculation of his strength index.

As in the case of height and of weight,

such correlations as exist between vital ca-

pacity or the vital index and intelligence

test scores are low. DeBusk (7) found that,

for 105 school children, differences be-

tween normal and pedagogically retarded

children are greater for vital capacity than

for height and weight. Whipple (53)

quotes Goddard as finding that the lung ca-

pacity of feeble-minded children is below

that of normal children. But Naccarati

(30), in a group of 136 college students,

found the correlation between lung capacity and either the Otis In-

telligence Test or the Thorndike Entrance Examination to be .11.

Sommerville (46) , correlating the Thorndike Examination with meas-

ures of lung capacity for ninety-eight college students, arrived at a

coefficient of .16, while the correlation of the same examination with

vital index for ninety-six college students was .11. Gittings (15),
for seventy-five freshmen women in Arizona, obtained a correlation

of .18 between vital capacity and Army Alpha scores.

Vital capacity and the vital index are useful in the calculation of

Figure 2. WET SPIROMETER

(Reproduced by courtesy of

the C. H, Stocking Co.)
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morphologic indices, in physical education, and in medicine. They
enter into an index of build or stature proposed by Dreyer and
Hanson (9), into the respiratory-height coefficient of Williams (54),
and into Rogers' Physical Fitness Index (39). Turner (52) found,
after studying the records of Wellesley freshmen, that students of

high vital capacity not only have better medical records than do those

of low vital capacity, but that they are also better nourished and

superior in college athletics.

Test 3. Vital Capacity

"(Apparatus: Wet spirometer and a supply of sterilized detachable wood
'or glass mouthpieces. If a wet spirometer is not available, a dry spirom-

jeter may be used. The dry spirometer is less accurate than the wet; and

readings from the two are not strictly comparable. Spiiometers may be

'purchased from the Narragansett Machine Co., Providence, Rhode

Island; from the C. H. Stocking Co., Chicago, Illinois, and from the

Marietta Apparatus Co., Marietta, Ohio.

Method: Use a fresh mouthpiece for each subject. Have S stand erect,

take as deep a breath as he can, and exhale fully into the spirometer.

TABLE V
NORMS OF VITAL CAPACITY, IN CUBIC CENTIMETERS

(Whipple, after Smedley [53])

Age Boys Girls Age Boys Girls

This should be done slowly and care should be taken that none of the

air escapes. Three trials should be taken.

Record: Readings are taken from the scale, in cubic inches and in liters.

Convert liters into cubic centimeters by multiplying by 1,000 (1,000

cubic centimeters = 1 liter) . Readings on the dry spirometer are given

only in cubic inches.

Norms: Vital capacity varies with age, sex, height, weight, chest cir-

cumference and habits of life. It is difficult to give definite norms

because of this complexity. Smedley's norms, taken from Whipple (53),

are given in Table V. Wilson and Edwards (55), who measured the

vital capacity of 362 children, six to sixteen years of age, offer the

following standard of vital capacity; namely, that vital capacity should

equal 15.5 cubic centimeters for each centimeter in height.
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3. Cephalic Index

This index is computed from measurements of the length and

width of the head in millimeters, as follows:

_ , .. T , Width XlOO
Cephalic Index .

A customary, but not invariable, classification of head shapes is the

following:

Index

Longheaded or dolichocephalic ........ Below 75

Medium head or mesocephalic ....... 75 to 80

Broad head or hrach} cephalic .......... Above 80

Special interest attaches to this index, since it has been popularly

supposed that there must be a direct relationship between size and

form of head and intelligence. This relationship, if established,

would have bearing upon racial and national differences in head

form. Kroeber (24) states that there are no typical racial head

forms, but that sub-types can be distinguished. Dixon (8) holds that

the form of the head is the most permanent and distinctive of racial

traits. Boas (2) presents evidence indicating that the form of the

head is modifiable, environment causing a drop in the cephalic index

of children of broad-headed Hebrew immigrants in New York, and

a rise in the cephalic index of children of long-headed Sicilian immi-

grants. Huntington (19) and Radosavljevich (37) take issue with

Boas, insisting that the latter's investigations were faulty in method.

The question is not settled, and interest in cephalic measurements is

still active.

The relation between head form and intelligence has interested

many psychologists. In extreme cases, very small heads (micro-

cephaly), and very large heads (hydrocephaly) are associated with

low grades of intelligence (51); but within normal limits the cor-

relation between cranial measurements and intelligence is not high.
A full discussion of this relationship is given by Paterson (32),
whose summary of the experimental work done along these lines is

convincing. A much-quoted study is that of Pearson (33), who cor-

related head measurements with teachers' estimates of intelligence
and with scholastic standing for 1,011 Cambridge students and for

about 2,300 twelve-year-old boys and 2,200 twelve-year-old girls.
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The correlations of the cephalic index with the estimates of intelli-

gence in these groups were .06, .04, and .07, respectively. The

correlations between length of head and width of head and the same

measures of intelligence are all positive, but do not exceed .14. Som-

merville (46), for 105 college students, reports a correlation of

.01 between cephalic index and the Thorndike Entrance Examina-

tion. In the same report Sommerville found a correlation of .10

between cranial capacity and the Thorndike Examination. His cor-

relations for intelligence and head length and head width are in

close agreement with those of Pearson.

Murdoch and Sullivan, in the study

quoted on p. 7, found a correlation of

.22 between head diameter and I.Q.

Another study, by Reid and Mulligan

(38), reports a correlation of .08 be-

tween cranial capacity and records of

scholastic standing for 449 students

(male) at Aberdeen University.

Many other studies have been made

in this field, the usual finding being a

slight positive correlation between head

measurements and intelligence-test re-

sults. Hull (18) has suggested that pos-

sibly a combination of cranial and

physiognomic measurements might be

worked out which would yield a sub-

stantial correlation with measures of in-

telligence or with scholastic aptitude.

Quoting a study by Sherman (44) done

under his direction, Hull states that an index derived from two meas-

urements of facial angles and three cranial measurements, made upon

seventy-eight freshmen in an engineering college, gave a correlation

of .50 with academic marks in scientific and engineering subjects.

Paterson points out (32) that this result is far out of line with the

finding of Pearson and other investigators. Nevertheless, Hull's and

Sherman's study is valuable, since it indicates the distinct possibility

of combining various head dimensions in such a way as to get a

significant correlation with measures of intellectual activity.

Figure 3. HEAD CALIPERS

(Reproduced by courtesy of the

C. H. Stocking Co.)
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Test 4. Head Measurements

Apparatus: Head calipers, obtainable from the C, H. Stoelting Co.,

Chicago, Illinois.

Method: To measure the length of the head, S is seated, and the

left tip of the calipers placed against the glabella (the space between

the eyebrows). The light tip is placed against the farthest projection at

the back of the head. Hold the tips nimly between thumb and forefinger,

letting the upper part of the calipeis rest against the chest. When the

greatest length seems to have been secured, note the reading. Remove
the calipeis. Tighten the thumbsciew, and apply the calipers again to

make sure that the reading is correct.

To obtain the width of head, stand behind S and apply one tip of the

calipers to the left side of the head and the other to the right side, just
above the ears. Move the calipers up vertically until the maximal read-

ing is obtained. Tighten the thumbscrew at this point and apply the

calipers again for verification.

Record: Record the readings in millimeters. Compute the cephalic index
from the formula on p. 14.

Norms: Cranial measurements vary with age, race and sex. Wissler (56)
sums up the work of previous investigators as follows: during school
life the heads of boys and girls become longer with age; the fall in

the index during growth is slight for North European children and

relatively great for the round-headed Chinese and Japanese children.

Adult women tend to be rounder-headed than men. Wissler's own re-

sults taken from about 9,000 childien in Hawaii indicate that in early
life boys have rounder heads than giils, but that later girls become
rounder-headed than boys. Whether these sex and lace differences aie
correlated with mental traits is problematical. Stockaid (49) has dis-

cussed cephalic types with reference to their characteristics, their geo-
graphical distribution and age modifications.

4. Strength Tests

Many investigators recognize the fact that dynamic tests are, in

general, superior to static indices of physical efficiency, such as

height and weight (3). For certain kinds of athletic and gymnastic
work it is often desirable to know the amount of muscular strength
possessed; and this is also true in many types of gainful labor. Mus-
cular strength is an important factor in estimates of general physical
condition (39), and many studies of the relation between muscular

strength and intelligence have been made. A few typical investiga-
tions are cited below,

Whipple (53) cites Smedley, Schuyten and Carman as having
found evidence of positive correlation between strength of grip and
intelligence. Woolley and Fischer (58) gave a variety of mental and
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motor tests to about 700 boys and girls, fourteen and fifteen years

old, and found practically no correlation between hand grip and
the mental tests. Rudisill (40), in a group of forty college students

(thirteen men, twenty-seven women) reported a correlation of .39

between grip and the Army Alpha Test for the men, and .21 for

the women. These are fairly substantial correlations, but the coeffi-

cients are not very reliable in view of the small number of subjects.

Garfiel (13), working with thirty-two sophomore girls in Barnard

College, found that the correlation of the Army Alpha Test with

strength of back was .23; with hand grip, .06;

with the leg dynamometer, .01. The prob-
able errors were .10, which makes all of these

coefficients unreliable. Johnson (20) investi-

gated the relationship between strength of

grip and mental age (Stanford-Binet Scale),

her subjects being 262 boys and girls, three

to thirteen years old. The correlation was .71,

which is very high. But Johnson shows that

height and weight markedly influence the

strength score, and that the correlation be-

tween grip and chronological age for ninety-

eight cases was .77. When the influences of

height, weight and chronological age are held

constant statistically, Johnson's resulting cor-

relation between mental age and strength of

grip has the negligible value of .03.

Monahan and Hollingworth (28) report an

interesting study made upon two groups of

children in a New York public school. The experimental group con-

sisted of forty-five boys and girls with a mean I.Q. of 152 and a

mean chronological age of 135.2 months. The control group con-

tained forty-five boys and girls, matched with the experimental

group for sex, age and racial stock, but with a mean I.Q. of about

100. In the experimental group the mean score for hand grip was

25 kilograms, with a mean deviation of 3.29; while in the control

group the score was 23.4 kilograms, with a mean deviation of 3.56.

Monahan and Hollingworth conclude that the difference between

the groups is real, since their figures show that the absolute differ-

ence between the groups, although small (1.6 kilograms), is 3.33

Figure 4. HAND
DYNAMOMETER

(Reproduced by courtesy
of the C. H. Stocking

Co.)



18 PSYCHOLOGICAL TESTS

times the P.E. of the difference. Superior children, therefore, ap-

pear on the whole to be slightly stronger physically than average

children. There is little justification, however, for concluding from

the results of this study that muscular strength bears any signifi-

cant relation to measures of mental ability. An excellent summary
of the work done upon this and other relations between mental

and physical traits is given by Stalnaker (47).

Test 5. Strength of Grip

Apparatus: Hand dynamometer, preferably the Smedley type, obtainable

from the C. H. Stoelting Co., Chicago, Illinois.

Method: Have S grip the instiument so that the second phalanges of the

fingers press against the inner handle. Close the clutch in order to hold

the inner handle firm. Have S grip the two handles fiimly, raise the

dynamometer until level with his head, and then bring it down quickly,

at the same time exerting maximal pressure on the handles. Take thicc

trials for each hand, alternating from right hand to left.

Record: The score is the best of three trials for each hand. The scale is

graduated in terms of kilograms.

TABLE VI

NORMS FOR STRENGTH OF GRIP (IN KILOGRAMS)

(From Whipple, after Smodloy [53])

Boys Giiis

Test 6. Strength of Back

Apparatus: Back and leg dynamometer, obtainable from the C. H.

Stoelting Co., Chicago, Illinois.

Method: Have S stand upon the foot-rest of the dynamometer. Adjust
the length of the chain so that S's body is bent forward at a comfortable

angle, usually about 60, knees unbent. Then have S take a deep
' breath and lift with a maximal effort, using the back and aims without

bending the knees.
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Record: The score, in pounds or in kilograms, is the better record of

two trials. An interval for rest is allowed between trials.

Test 7. Strength of Leg
Apparatus . The same as for the back.

Method: Have S stand upon the foot-rest of the dynamometer and grasp
the handle, with knees bent, and body and head held erect. The handle
should rest against the thighs. Instruct S to take a deep breath and
exert a maximal lift, confining the effort to his legs.

Record: The same as for strength of back.

Test 8. Push-ups

Apparatus: Standard parallel bars, obtainable from any gymnasium
supply house.

Method: The bars should be adjusted at about the height of the sub-

ject's shoulders, or a little lower. Have S stand between the bars, grasp
one with each hand, and lift his body until his arms are straight.

Instruct him to lower his body by bending his arms; then raise himself

by straightening his arms, and continue in this way to lower and raise

himself until he can do so no longer.

Recoid: The score is the number of complete push-ups. After a rest, the

test may be repeated, and the best score taken as the final record.

Test 9. Pull-ups

Appaiatus: Standard gymnasium eight-inch rings, obtainable from any

gymnasium supply house.

Method: The rings are suspended from the ceiling or from a horizontal

ladder. The test is the standard performance of "chinning."
Record: The score is the number of complete pull-ups. S pulls himself

up and lowers himself alternately until he can do so no longer. A
second trial may be taken after a rest period.

5. A General Index of Physical Capacity
One of the more ambitious efforts to develop an index of physical

efficiency is that of Rogers (39), who was looking particularly for

a workable basis upon which to group contestants in athletic com-

petition. He derived a Strength Index and an Athletic Index, based

upon the 100-yard dash, the broad jump, the high jump, the shot-

put, and skill in baseball, football, and basketball throws. The cor-

relation between this Athletic Index and the Strength Index was .81,

and the reliability of the Strength Index was .94, in a group of 136

boys in grades 7 to 12, inclusive. The Strength Index is computed
as follows:

1. Lung capacity. The best record from two tests.

2. Right-hand grip. The best record from two tests, alternating with

left-hand tests.
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3. Left-hand grip. The best record from two tests, alternating with

right-hand tests.

4. Score for strength of back.

5. Score for strength of legs.

6. Push-ups score. This is multiplied by one-tenth of the subject's

weight plus height minus 60. Stating it as a formula:

Number of Push-ups X [| + (Height
-

60)]

7. Pull-ups scoie. Apply to this score the formula used for push-ups.

8. The noimal stiength index is the total of these seven scores.

An illustrative case should make the computation clearer:

Assume that the following data have been collected from tests

given to a boy :

Weight . . . .

Height . .

Pull-ups score

Push-ups score

Strength of legs

Strength of back ,

Left-hand grip

Right-hand grip

Lung capacity

Applying the formula for pull-ups:

.142 pounds
67 inches
9
8

540 pounds
320
95

100
222 cubic inches

= 190.8

Applying the formula for push-ups :

8X
[^?-f (67-60)]

= 169.6

Total - 360.4

Add the scores for the last five tests above :

360 4
540
320
95

100
222

Strength Index ............ 1637 4

Since the strength index is in part conditioned by age and weight,
it is necessary to adjust the normal index by allowing for these fac-
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tors. These adjustments, taken from Rogers (39) are supplied in

Table VII.

TABLE VII

STRENGTH INDEX NORMS AND MULTIPLIERS FOR CERTAIN
AGES AND WEIGHTS

Normal Weight
Age Weight Strength Deviation

Index: Multiplier

To compute a normal score for any age and weight from this

table: (a) Find the norm for the given age; (b) compute the differ-

ence between the weight given for this age and the actual weight of

the subject; (c) multiply this difference (in pounds) by the multi-

plier for the subject's age. If the subject's weight is above that shown

for the norm, add this result to the norm; if it is below, subtract it.

The result is the Strength Index norm for the age and weight of the

subject.

It should be remembered that deviations from norms established

by investigators who have used the tests described are to be regarded
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as genuinely significant only when such deviations are quite marked.

A norm is simply an average, and it is possible for an individual

to depart fairly widely from the norm without being in any sense

atypical. Measures of single traits are less significant than are the

relationships of these traits to one another. As Rogers remarks, a

boy may vary in weight and still be in satisfactory physical condi-

tion. But to vary widely in weight, without varying in strength and

endurance also, may be significant. In such cases indices which

express the relationships of two or more traits belonging to the same

individual are especially valuable.

6. Pulse-rate

Pulse-rate is a functional test which is coming into wider use con-

stantly. There are several varieties of this test; in all of them it is

essential to take not only the absolute pulse-rate but also the rate at

which the pulse-beat returns to normal after exercise. The tests differ

in methods of administration, in the exercise prescribed, and there-

fore in the norms established. From among those available we have

chosen the Michigan Pulse-Rate Test (27) because it is easy to

administer, is scored simply, and requires a mild form of exercise

suitable for the laboratory. This test may be used in a group,
in which case the subjects count the pulse themselves, both before

and after the exercise. This method is not recommended for general

use, however, since the accurate count of the pulse is not always easy,

especially after exercise.

Test 10. Pulse-rate

Apparatus: An accurate watch with a second hand, or a stop-watch.
Method: 1. Normal pulse-rate: While S is standing quietly, count his

pulse for one minute. Repeat until the same rate is found two or three

times in succession. If there is a marked deviation from the normal

steady beat, postpone the test.

2. Instruct S to take three steps per second, in place, for fifteen seconds,

or a total of forty-five steps. The foot should be raised halfway to

the height of the opposite knee. Be sure that this movement is done

properly. Note the exact time of starting and slopping the exercise.

3. Beginning exactly thirty seconds after the exercise has stopped, count

the pulse for twenty seconds and write down the result. Later, this

figure is to be multiplied by three to give the rate per minute. Exactly

sixty seconds after the cessation of exercise, count the pulse again for

twenty seconds and repeat at intervals of one minute until the normal

pulse-rate has returned.
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Record: The following scheme of classification is proposed by the

State Council of Physical Education for Michigan :

Time to Recover Normal Rate Grade Fitness
30 seconds . \ Fine
60 " R Good

120
. C Fair

180 D Poor
Pulse slower after exercise than before E Undetermined

In the last case the test should be repeated provided such) repetition
would not be injurious to S, since the initial count may have been
incorrect.

ii. SENSORY TESTS

The efficiency of the sense-organs is highly important to normal
existence. Some writers have held that there is a direct relationship
between sensory discrimination and school achievement (36); and

retardation in school has been frequently traced to sensory deficien-

cies (4, 12). Sterling and Bell (48) tested 1,860 children, ages eight

to seventeen, inclusive, of both sexes, in the schools of Washington,
D. C., and Hagerstown, Maryland, using an audiometer to measure

acuity of hearing. A significant loss of hearing was taken to be a

loss of nine or more units on the audiometer scale, the normal hear-

ing being taken as the standard. The results are too numerous to

be given in detail, but the following is a fair summary:
1. From 1 to 2.4 per cent, of the children showed a significant

loss of hearing in the better ear. When both left and right ears were

considered, the percentage of loss ranged from 3.3 to 8.2.

2. Significant loss was shown for 2.9 per cent, of children who

were over age for their school grades, and for 1.2 per cent, of chil-

dren at age for their grades.

3. When we divide the children into three groups those doing

excellent school work, those whose work is satisfactory and those

whose work is unsatisfactory the percentages of individuals with

significant loss in hearing are 1.6, 1.7, 2.2. As the character of

the work grows poorer, the significant loss in hearing tends to become

greater.

4. The Washington group (585 in number) was also divided into

three groups on the basis of I.Q. The percentages of significant

loss in hearing were:

I.Q. above average 0.6 per cent, of the children

I.Q. at average 16 per cent, of the children

I.Q. below average 3.7 per cent, of the children
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It is probable that the deficiency in hearing reduced the intelligence

quotients in many of these cases, especially if an intelligence test,

which involves oral questions, was used.

Kempf and Collins (21) conducted a survey of 5,000 school chil-

dren in Illinois, the ages ranging from six to thirteen and over. In-

telligence quotients were determined from the Otis Primary Intelli-

gence Test for the first three grades, and from the Haggerty

Intelligence Test for grades four to eight. Retarded children were

tested individually, the Stanford Revision of the Binet Scale being

used. No correlations are given but the results show some relationship

between low I.Q. and defects in acuity of vision and of hearing.

Two methods of measuring sensory capacity are in general use.

In the first method, we try to find the minimal stimulus which can be

perceived by the subject. This minimum is called the absolute thresh-

old or the limen of sensitivity. The faintest sound that the subject can

hear, the lightest touch that he can feel, or the dimmest light that he

can see is the limen of hearing, touch or vision, respectively. In the

second method, we determine the smallest difference between two

stimuli which can be distinguished by the subject. This minimal

difference has been termed the just noticeable difference, the differ-

ential threshold, or the difference limen. To illustrate, we may deter-

mine the smallest difference that the subject can perceive in the

intensities of two lights, or in the pitch of two tones, or in the heavi-

ness of two weights. The ability to make fine sensory discriminations

is an important factor in esthetic appreciation, in scientific investi-

gation and in many daily activities.

The lower the threshold, the greater is the subject's sensory effi-

ciency. But a low absolute threshold does not guarantee a low differ-

ential threshold. Discrimination of differences between two stimuli

involves factors which are not present in the measurement of simple

sensitivity. In discrimination the subject must make comparisons
which involve judgment; and this is complicated by the fact that, in

many tests, the stimuli are not present simultaneously when the

judgment is made. When two sounds are given in succession, the

comparison is made after the stimuli have been given, and both must
be held in mind.

The tests described in this section are concerned with only two

sense modalities, vision and hearing. There are two reasons for this.

In the first place, these senses are of greatest importance in everyday
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life. A man may suffer serious impairment of his sense of smell or

taste without being very greatly handicapped. His sense of touch

may also be diminished without much disturbance. But subnormal

vision or hearing will make a great difference in a man's daily life,

while loss of either of these senses is obviously a serious handicap.
The second reason is that far more work has been done in vision

and in hearing than in the other sense fields, and the tests are better

standardized.

1. Visual Acuity
The determination of visual acuity is complicated by the suscepti-

bility of the human eye to various defects. Visual acuity may be

impaired by variation in the length and shape of the eyeball, of

the lens, or of the cornea. These defects result in a failure of the

eye to bring light rays sharply to a focus upon the retina.

There are many tests for acuity of vision, of which the most

familiar is the Snellen Chart. Rows of letters, ranging in size from

about ninety millimeters to five millimeters in height, appear on

the chart and are to be read by the subject. The distance at which

each row of letters should be read by the normal eye is printed on

the chart. The measure of acuity of vision is expressed as a fraction,

in which the numerator is the distance between the chart and the

subject, and the denominator is the distance at which the row under

examination can be read by the normal eye. If the subject is twenty

feet from the chart, and can read the line of letters marked twenty

feet, but none below that line, his vision is said to be 20/20, or nor-

mal. If he must approach to within twenty feet of the chart in order

to read the thirty-foot line, his vision is 20/30, or about two-thirds

of the normal. If he can read the fifteen-foot line when twenty feet

away from the chart, his vision is 20/15, which is better than nor-

mal at least in the sense that he can see objects clearly at a greater

distance than can the average person.

The most common visual defects are hyperopia, myopia, and

astigmatism. Hyperopia, or far-sightedness, is often accompanied

by a feeling of eye-strain, by headaches, by inflammation of the

eyes, and by other symptoms of discomfort. The far-sighted person

has difficulty in reading at a normal distance, say fourteen or fifteen

inches from the eye, but little difficulty in reading at a greater

distance.
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Myopia, or near-sightedness, is an exceedingly common visual

defect. Like far-sightedness, it may be corrected hy the use of prop-

erly fitted glasses. Collins (4) who examined 9,245 children from

six to sixteen years of age in South Carolina, Maryland, Delaware

and New York, found that 10 per cent, of these children had poor

vision, 20 X40 or less in one eye or in both, while 27 per cent, were

moderately defective. Collins and Britten (5), working with 4,862

native white school boys from six to sixteen years of age, and with

6,479 male white industrial workers over eighteen years of age in

various parts of the United States, found that the percentage of

persons with normal vision increased with age up to eighteen years,

after which it declined. The rate of decline was rapid after the age

of forty-five. The percentage of persons with markedly defective

vision (20/50 or less), increased steadily after six years of age. The

rate of increase was more rapid during school ages than in the early

years of industrial life. Levy (26) conducted an investigation among
4,021 school children, ages five to seventeen, in Syracuse, New
York. Taking a record of 20/40 as the standard of poor vision, he

found that 9.5 per cent, of the children fell into this class. This result

agrees closely with that of Collins.

A third form of optical deficiency is astigmatism, which is caused

by irregularities in the curvature of the cornea. This condition makes

it impossible for the eye to focus the vertical and horizontal aspects

of an object simultaneously. Kempf, Jarman, and Collins (22)
examined 1,860 school children of both sexes, ages six to sixteen, in

Washington, D. C. They found that 28 per cent, of these children

were troubled with astigmatism. This defect may be corrected by
suitable glasses.

While the Snellen Charts are useful as a quick method of detect-

ing visual deficiencies, they possess certain limitations. In the first

place, the test type is not sufficiently varied, so that it is possible for

subjects to memorize some of the lines. In the second place, the

arrangement of the letters has been criticized. Some of the lines are

easier to read than others, while some are especially difficult by rea-

son of the similarity of the letters. In the third place, the test does

not reveal astigmatism accurately, a separate test being necessary
for this purpose. Finally, it is questionable whether the reading of

letters and nothing else is a sufficient test of visual acuity. All of

these objections are met fairly well by another test, modeled after
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Another test which should be mentioned here is the McCallie

Cards (36), especially the set used with illiterates. This test consists

of a set of ten cards, each card showing a picture of a boy, a girl,

and a bear. The boy and girl, as well as the bear, are holding hoops

in the air; and the subject is required to tell which hoop contains a

ball. This test is suitable for young children, since it can be treated

as a game as well as a test.

Test 11. Visual Acuity

Apparatus: The Snellen Chart, or the Ewing set of cards; preferably
for children, the McCallie Cards. The Snellen Charts are sold by most

optical supply houses. The Ewing set of cards is published by the

C. V. Mosby Co., St. Louis, Missouri. The McCallie Cards are sold by
the C. H. Stoelting Co., Chicago, Illinois.

Method: (a) Snellen Chart: Attach the chart to the wall at one end

of the room, making sure that the light is satisfactory. The chart should

be illuminated brightly and evenly, and the eye should not be stimu-

lated directly by the source of illumination. Glare should be eliminated.

Have S stand exactly twenty feet from the chart. Hold a sheet of

cardboard in front of S's left eye, and ask him to read aloud the

letters on the chart, beginning with the top line and working down-

ward. Use the same procedure for the right eye. The score can be

checked by placing S at the twenty-foot line, and then having him
move first toward and then away from the chart, until the distance at

which a given line can be read clearly is determined.

(b) The Ewing Cards: These cards are used in the same way as the

Snellen Charts. The set includes letters, pictorial characters, and broken

lines arranged in various forms. For careful testing, it is advisable to

use at least one card of each type.

(c) McCallie Cards: Shuffle the cards and hold them before the sub-
,

ject, who is expected to tell whether the boy, the girl, or the bear has

the ball. The child of kindergarten age should see the ball at a distance

of sixteen feet; the first-grade child at eighteen feet; and older children

at twenty feet.

Record: See instructions accompanying the test.

2. Color Blindness

Persons who are color blind will, in everyday life, frequently
name colors correctly. They have learned that certain intense bright-
nesses not colors are called red, green, etc., by persons about

them. The differentiation is one of brightness, however, rather than

of hue or quality. When the criterion of brightness fails, difficulty

ensues and the colors are confused. Since this situation may arise at

any time, it is important to discover cases of color blindness. Apart
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from the inconvenience which may be caused by failure to differen-

tiate colors, genuine danger may result.

Deficiency in ability to distinguish colors may take several forms,

though the classification is not fully agreed upon (50). The most

common form is red-green blindness, in which red and green are

confused with each other and with other colors of the same bright-

ness and saturation, especially the browns, the blues and the grays.
Of relatively rare occurrence is blue-yellow blindness, which is usu-

ally pathological; and total color blindness, which is often accom-

panied by other forms of optical defect. There are many grades of

incomplete color blindness, commonly called color weakness. In such

cases the color qualities are the same as for the normal eye, but

there is diminished sensitivity to color, and difficulty in comparing
colors differing in brightness or in saturation.

Most investigators divide red-green color blindness into two major

types, protanopia and deuteranopia. The protanopes are the red-

blind. The spectrum for them consists only of blues and yellow
r
s of

various degrees of brightness and saturation. The red end of the

spectrum is shortened, red appearing as black or dark gray. The deu-

teranopes are the green-blind. For these individuals, the spectrum
consists also only of blues and yellows, but it is not shortened at

the red end, as it is for the protanopes. This classification is fairly

distinct, but there are many cases that will not fall definitely into

either of the two classes mentioned.

In testing for color blindness, colored woolen skeins have been

popular for many years, the standard series being that of Holmgren.
Methods of using these skeins have been varied, but all are concerned

with the confusion of red with green. Other standard tests are the

Nagel Card series, the Stilling Plates, and a later test modeled after

the Stilling Series, i.e., the Ishihara Test. There are still other tests

in use, but most of them require apparatus which is beyond the

resources of most institutions. A comprehensive discussion of tests

for color blindness will be found in Haupt (17). We have chosen

three tests for description here. These are the Holmgren Woolens,

the Nagel Cards, and the Ishihara Plates. These tests were selected

because of their simplicity and ease of administration.

Test 12. Color Blindness

(a) The Holmgren Woolens: Obtainable from any reputable optical

supply house.
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Method: Place the skeins, in irregular order, on a sheet of gray card-

board. (Ij Hand S the large green skein and ask him to select all of

the skeins which resemble it in color. An exact match is not required.

(2) If S shows hesitation, or if he selects gray, hi own and red skeins

as well as the green, give him the large rose skein, with directions as

before. Color-blind subjects will often select blues and purples as

matches and even greens and grays. (3) Finally, hand S the large red

skein. Ordinarily there is little difficulty with this skein because of its

saturation; but many color-blind subjects will select the greens and

the dark blues.

(b) The Nagel Cards: A set of cards, in two sections, A and B. Ob-

tainable from the C. H. Stoelting Co., Chicago, Illinois.

Method: Spread the sixteen cards of Section A on the table. S is in-

structed to make his responses by pointing with a pencil or with his

finger. Ask the subject to point out the following cards, in the order

given: (1) Cards with only red or reddish spots; (2) cards with red

spots only; (3) cards with green spots only; (4) cards with gray spots

only. Remove the cards and show S, one at a time, the four cards of

Section B. Instruct him in each case to name the colors seen. Color-blind

subjects, in answering questions 1 and 2, above, will select cards having
brown and yellow-brown as well as red spots. In response to questions
3 and 4, the color-blind subject will usually confuse grays, greens and

reds. Color-blind subjects will usually see only one color on each of

the B cards: green on Bl; red on B2 and B4; and gray or green on

B3. If B2 and B4 are seen as single colors, or as red or green, the

subject is definitely color blind.

(c) The Ishihara Test: A booklet containing sixteen color plates. Ob-

tainable from the C. H. Stoelting Co., Chicago, Illinois, and from the

Marietta Apparatus Co., Marietta, Ohio.

Method: Show S the pages of the booklet, one at a time, asking him
to read aloud the numbers seen. Write down the numbeis called. The
colored plates are designed so that the normal eye can read the num-
bers clearly, while the color-blind eye will have difficulty, reading some
of the numbers incorrectly and failing to read otheis. Compare the

responses with the instructions given in the first two pages of the

booklet. These instructions give the responses to be expected from
normal persons, from the red-blind, the green-blind, and the totally

color blind.

3. Auditory Acuity
All auditory tests should be given in a sound-proof room. If this

is impossible, the examiner should at least arrange conditions so

that extraneous sounds are reduced to a minimum. Probably the

most important function of the human ear is the detection of spoken
sounds. The best auditory test would, accordingly, be one in which
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the subject is required to hear whispered and spoken speech. Such
tests are rarely satisfactory, however, because it is difficult for the

examiner to hold constant the intensity and intonation of his voice,

even during the course of a single test. Nevertheless, at least one

recent study (35), based upon sixty-one normal school students as

subjects, finds a reasonably high reliability (average r for both ears=
.78) for the whispered speech test, when trials by two different

examiners are correlated. This is a higher reliability than is shown

for the watch test in the same investigation, this result being .58 for

the left ear and .64 for the right ear. An audiometer developed

recently by the Western Electric Co., and used in an extensive survey

among 4,419 grade-school children in Syracuse, New York (25),

employs speech ranging from a loud conversational tone to a barely
audible whisper. It is calibrated in terms of sensation units (11),
and may be used for forty persons at a time by the employment of

ear-phones. Fletcher (11) reports that it is possible with this appa-
ratus to test 75 to 150 children per hour.

The watch has been widely used for testing auditory acuity,

although it has certain obvious deficiencies. Unless the same watch

or watches of similar make are used, it is impossible to compare
results or to establish consistent norms. But when more precise meth-

ods are unavailable, the watch is of service, provided the conditions

under which the tests are administered are constant from test to test.

The tuning fork is another well-known instrument for measuring

auditory acuity. It is easier to standardize this instrument than to

standardize watches, and standard forks are easily obtainable. One

obvious objection to the tuning fork is that it does not present the

variety of sounds which we are accustomed to hear in everyday life.

It is probable, too, that musical tones carry farther than those sounds

which we are accustomed to hear in everyday life. The same objec-

tion, of course, may be raised against the watch. Those familiar with

the concert hall know that a delicate tone will often be heard in the

most remote parts of the hall, while the speaking voice may be indis-

tinct. Our inability to equate the sounds used in our tests with those

which are met with in the school and in the street explains the

continued use of the speech test, despite its manifest failings.

There are several instruments which measure auditory acuity

fairly accurately. Perhaps the best of these is the audiometer devised

by C. E. Seashore (41). This is a delicate instrument which, unfor-
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tunately, is fairly expensive. The audiometer is a well-standardized

instrument, but, like the watch and the tuning fork, is open to the

objection that its stimuli are artificial. These stimuli consist of a

series of clicks of graduated intensity, which are heard through tele-

phone receivers held close to the ears.

Test 13. Auditory Acuity
(al Whispeied Speech Test:

Materials: Rubber stoppers or cotton to be used as ear plugs,

Method: This test is best performed in a sound-proof room. If this is

Figure 6. SEASHORE AUDIOMETER

(Reproduced by courtesy of the C. H. Stocking Co.)

impossible, select a room as free as possible from sound. It is difficult

to specify the exact range at which the subject should be required to

hear the whispered sounds. Under reasonably good conditions, a suitable

distance is probably forty-five feet. Have the subject sit with his right
ear turned toward the experimenter. Plug the left ear, without causing
discomfort. Use the list of numbers in Table VIII as stimuli.

Signal to S when a number is to be spoken. S should repeat the number,
the responses being written down by E. Repeat the test for the left ear,

using a different set of numbers. Most of the experiments cited in the

preceding discussion have also tested both ears at once.
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TABLE VIII

TEST-NUMBERS FOR AUDITORY ACUITY

(Whipple, after Andrews [53])

I II III IV V VI VII VIII IX X

Record: The score for each of the three tests may be expressed as a

percentage, i.e., the number of items correctly heard divided by the total

numbers of items in the list. If more than one series is given for each

ear, take the percentage of the entire test, including all series. Since it

is practically impossible to establish norms which will be generally

applicable, each examiner should establish his own norms, based upon
data derived from all of his subjects.

(b) Watch Test:
c

Apparatus: A watch which can be used for all tests, preferably a labora-

tory stop-watch; a yard stick; cotton or rubber ear plugs.
Method: Mark off on the floor a distance of thirty to forty yards, sub-

divided into feet or half-yards. S should not carry a watch during the

test. Have S sit at one end of the distance marked off, his right ear

turned toward the examiner, the other ear carefully plugged. Hold the

watch in the palm of the hand, the face turned toward S. Begin with

the watch close to S's ear, and move away quietly until he can no longer
hear the ticking. Record this distance. When E judges that S is reaching

his limit, the watch should be stopped; then started again several times

until S answers correctly two out of three times when asked whether he

hears the tick. Beginning at a distance too far for the subject to hear

the tick, move the watch toward him until he can just hear the sound.

Use the same checks as before, and record the maximum distance. Re-

peat until the two distances, forward and reverse, are consistent. Cover

the watch with the hand from time to time, to make sure that S really

hears the tick and is not imagining it. Make the test for the other ear

and for both ears at once.

Record: The limen is obtained by -averaging the distances recorded in

both directions. Norms should be established from the records of all

the subjects.

(c) Tuning Foik Test:

Apparatus: Blake's tuning fork, stop-watch. This tuning fork, which
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has a vibration rate of 512 vs. per second, is obtainable from the C. H.

Stoelting Co., Chicago, Illinois.

Method: E stands behind S, who is seated, with one ear plugged. Sound

the tuning fork by squeezing the prongs together with the fingeis and

releasing them suddenly. Bring the foik close to the ear being tested.

Instruct S, wrho is operating the stop-watch, to stait the watch as soon

as he begins to hear the sound of the fork, and to stop it as soon as the

tone ceases to be heard. Test each ear five times, alternating from the

right to the left ear.

Record: The recoid for each ear is the average time that the tone is

heard in five trials. This average may be compared with the norm
established empirically from the records of a number of subjects.

(d) Seashore Audiometer Test:

Apparatus: Seashore audiometer. This instrument is obtainable from

the C. H. Stoelting Co., Chicago, Illinois.

Method: Detailed instructions accompany this instrument. These must

be followed exactly if accurate results are to be obtained.
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CHAPTER II

TESTS OF MOTOR ABILITY AND MECHANICAL APTITUDE

TESTS of motor ability and of mechanical skill have long been of

interest to psychologists and are becoming increasingly valuable to

educators and teachers. Motor tests were first studied extensively

by psychologists interested in the problem of individual differences,

and in the relation of physical and motor traits to estimates of mental

ability. Such tests have been employed extensively in psychological

research, especially in clinical studies of atypical children, in indus-

trial selection, and in investigations of sex and race differences. An

increasingly important role, also, is being assigned by modern edu-

cators to training in physical coordination and in the development
of manual skill. Hence, in many schools, extensive use is now made
of motor and mechanical tests.

The present chapter deals with some representative tests of the

speed of movement, muscular coordination, precision and agility.

Tests of mechanical and constructive aptitudes are also discussed.

"While these latter tests are not essentially motor (see p. 55) they

usually involve manual skill and hand-eye coordination, and hence

seem to group naturally with motor tests.

TESTS OF SPEED OF MOVEMENT AND MUSCULAR CONTROL

1. Tapping
The tapping test was designed to measure speed of voluntary

movement, without ordinarily demanding much precision or coordi-

nation. In one form or another tapping has been used for many pur-

poses; and methods and techniques have varied almost as widely
as the uses to which the test has been put. Several investigators (37)
have reported sex differences in the speed of tapping, the general
conclusion being that men are faster than women and boys faster

than girls. As a measure of motor speed the principal value of the

tapping test would seem to lie in its relationship to other functions

38
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and in its utility in indicating changes in the condition of the sub-

ject. The tapping test, for example, has been used as a measure of

the effects of caffeine, tobacco, alcohol, change of diet and loss of

sleep. Typical of such studies is Hull's investigation of the effects

of tobacco, and Hollingworth's study of the effects of caffeine and

alcohol. Hull (23), using nineteen male adults as subjects, found a

slight loss in the speed of tapping in habitual smokers after smok-

ing, and a slight increase in tapping speed in non-smokers after

smoking. These effects disappeared at the end of about an hour.

Hollingworth (20) studied the effects of caffeine upon tests requir-

ing speed of movement, coordination and steadiness. A small but

definite increase in speed of movement (tapping) of about 4 per
cent, appeared as a result of a dose of caffeine equivalent to one to

three cups of coffee. This increase was not followed by any subse-

quent loss in speed. Hollingworth's (22) investigation of the effects

B

Figure 7. TAPPING TEST

(Reproduced by courtesy of the Marietta Apparatus Co.)

of alcohol also included the tapping test. His records for six subjects

indicated a loss in speed after alcohol consumption ranging from

7 per cent, to 14 per cent., the degree of loss depending directly

upon the quantity of alcohol drunk.

A few experiments have investigated the possible uses of the tap-

ping test as an index of vocational aptitude. A good example is Link's

study (30) of the relationship between tapping and efficiency in

factory work as measured by actual production. Link's subjects were

seventy-three girls in a firearms factory. In a group of fifty-two girls

employed to inspect shells, the correlation between production and

tapping was only .14; but in a group of twenty-one girls engaged

in fitting shells into a gauge, the correlation was .52. The job of

gauging shells is largely motor, while inspecting is mainly visual,

and this difference probably accounts for the rise in correlation.

When we remember that correlations between mental tests and school
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success are seldom higher than .50, Link's result for gaugers is

rather striking. Another interesting study in this field is that of

Kitson (27), in which the occupations studied, viz., typing and

piano playing, have an apparently direct relationship to the tapping

activity. Kitson's subjects were twenty-five women pianists who had

studied from four to eleven years, and twenty-five women typists.

These two groups were matched against control groups of the same

sex and ages but untrained in the given vocations. The differences

in average score between the pianists or the typists and the other

groups were small and unreliable. There was evidence, however, that

those of the highest ability in typing and in piano playing, and per-

haps the failures also, could be "spotted" by a tapping test. For the

intermediate groups the results were inconclusive.

The degree of relationship between tapping and mental ability

apparently depends largely upon the ages of the subjects tested. Burt

(8) and Abelson (1), for instance, report correlations between tap-

ping and various mental tests which range from .28 to ,65. Burt's

group consisted of forty-three boys 12% to 13% years old; Abelson's

group of eighty-eight girls and forty-three boys, all backward men-

tally, and ten, eleven and twelve years old. Sommerville (43), on

the other hand, found a correlation of .09 between the Thorndike

Intelligence Test and speed of tapping in a group of 105 college

students. If age variability is rendered constant, this correlation

becomes zero. Garfiel (15) 5 in a group of thirty-two freshmen

women, reports a correlation between tapping and Army Alpha of

.12. It seems unreasonable to expect that a simple function like

tapping would be intimately related to measures of intellectual

activity in adults of college level. In children, however, the situa-

tion is quite different, for tapping, as well as other tests which are

simple for the adult, constitute real tasks for them.

The tapping test has been utilized in the development of many
teams or batteries designed to measure motor ability, motor skills

and mechanical aptitude. Batteries of this kind have been developed

by Garfiel (15), Seashore (41), Cowdery (11), and Paterson,

Elliott, et al. (36) . Superficially, the tapping test taken by itself does

not appear to have given results commensurate with the labor

expended upon it. But two facts should be considered in evaluating
the test. First, the test as ordinarily used is very short. While it is
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desirable to use short tests to predict aptitudes, it is improbable that

a short test of a very simple function will forecast efficiency in a

complex activity. Second, tapping is primarily a measure of the

speed of finger and arm movements and hence can hardly be expected
to give high correlations with activities which demand much more
than speed, and involve larger muscle groups. Nevertheless, while

tapping usually shows low correlations with criteria of motor ability,

in combination with other motor tests it is frequently useful.

It is difficult to find conclusive data on the reliability of the tap-

ping test, because of the diversity of methods employed. Gates (16),

correlating various practice periods of the tapping test, has reported
reliabilities ranging from .62 to .91. Lanier (29), working with a

form of tapping which required his group of 104 subjects to place
a dot in each of a number of small squares, found the reliability of

the test with five-millimeter squares to be .63. Muscio (34), in a

group of eighty-eight subjects consisting of both sexes and varying

widely in age, correlated the combined scores of the first and fourth

trials in a tapping test with the second and third trials. This gave a

reliability of .86; correlation of the twenty-first and the twenty-

fourth with the twenty-second and twenty-third trials gave a reliabil-

ity of .92. These results indicate that the reliability of the tapping

test increases with practice, and is greatest after the limits of improve-

ment have been reached.

Of the many methods used to investigate speed of tapping, two

will be described here. These are the tapping plate and the telegraph

key methods.

Test 1. Tapping
(a) Apparatus: Dunlap alternate tapping plate (13) ;

Veeder counter

(Ream) ; tapping stylus; dry-cell batteries; stop-watch; knife switch.

(See Figure 7.)

Obtainable from: The C H. Stoelting Co., Chicago, Illinois, or from

the Marietta Apparatus Co., Marietta, Ohio.

Method: The tapping plate, the counter, the stylus, and switch are con-

nected in series. Instruct S to hold the stylus in his right hand and at

the signal go, to tap on one of the plates as rapidly as possible. A

fairly standard movement is secured by having S rest his elbow on the

table, and use both wrist and elbow joints in tapping. At the go signal,

E throws in the switch, at the same time starting the watch. At the end

of sixty seconds E throws out the switch, stops S and reads the counter.

Repeat the test for the left hand. A variation of this method is to have
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S tap on both plates alternately, in which case two counters are needed.

Record: The score is the total number of taps recorded in a trial of

sixty seconds.

Alternative Method: Instead of the counters, a kymograph drum, which

gives a graphic record, may be used (49). When a Jacquet chronograph

is used the record may be taken for any part of the sixty-second period.

(b) Apparatus: The same as in (a) except that a telegraph key is used

instead of the tapping plate and stylus.

Method: The same as in (a).

(c) Note: A good typewriter may be used, a single key being tapped

as rapidly as possible. The speed, however, is limited by the flexibility

of the machine. Another method is to provide S with four sheets of

paper, spread out. At the signal go, S taps on the first sheet with a

pencil; after fifteen seconds the signal is given and S shifts to the

second sheet, and so on through the third and fourth sheets (14). A
variation of this method consists in having S tap with a pencil in each

of a succession of printed squares (29). This task, however, requires

precision as well as speed.

Norms: Tapping norms for children are given in Tables IX and X.

Table IX is taken from Smedley (49), who used a tapping board. Table

X was compiled by Bronner, Healy, et al. (7), from results secured

with a dot and square test.
1 In the Columbia laboratory the average

number of taps (using tapping board) was 196.91 (S.D. = 26.83) in

five trials of thirty seconds each. These results were obtained with a

group of sixty-eight men and women, graduate students in psychology.

TABLE IX

TAPPING NORMS BY SEX AND AGE (TAPPING BOARD)

(From Whipple, after Smedley [49])

*In this test, S is given a blank ruled in squares. The task is to make a tap in each

square without touching the lines.
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TABLE X
TAPPING NORMS BY SEX AND AGE (DOT AND SQUARE TEST)

1,205 Males 812 Females

(Score is number of dots made in 30 seconds)

(Bronner, Healy, et al [7])

2. Steadiness

This is a standard test, designed to measure control of muscular

tremor. It has been used for much the same purpose as the tapping

test, although the two tests as shown by their low intercorrelation

measure different performances. Griffitts (18), who correlated the

steadiness and the tapping tests given to a group of sixty male

college students, obtained a correlation coefficient of .04 for the

right hand and of .20 for the left hand. Garfiel (15) found the very
low correlation of .08 between steadiness and tapping in a group of

fifty girls. These low relationships indicate the possibility of com-

bining the steadiness test with other motor speed tests, when the

purpose is to form a battery which will give a high correlation with

some activity involving both speed and steadiness.

Both Hull and Hollingworth, in the experiments referred to on

p. 39, employed the steadiness test in studying the influence of drugs

upon efficiency. According to Hull, tobacco smoking produces a

marked tremor of the hand, which is about as pronounced for ha-

bitual smokers as for non-smokers. Recovery is practically complete

in an hour and a half after smoking. Hollingworth found that con-

sumption of alcohol produced a marked decrease in steadiness,

ranging from a 68 per cent, loss after three to four bottles of beer,

to a 370 per cent, loss after six to nine bottles. Recovery was rela-

tively slow. Hollingworth's study of caffeine indicated that one to

four grains of caffeine (the average cup of coffee with cream con-

tains 2.5 grains of caffeine) produced a slight decrease in steadiness

which persisted for several hours. The loss of steadiness was much

more noticeable when the dose of caffeine was six grains or more.
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The correlation between steadiness and intelligence test scores is

quite low. Garfiel (15) found a correlation of .27 between steadiness

and Army Alpha, and Sommerville (43) a correlation of .14

between steadiness and the Thorndike Intelligence Examination.

Figure 8. STEADINESS TEST

(Reproduced by courtesy of the Marietta Apparatus Co.)

According to Griffitts (18), the reliability of the steadiness test was

.71 for a group of sixty college students.

Test 2. Steadiness

Apparatus: Steadiness tester, with nine holes; metallic needle; electric

counter; dry-cell batteries; knife switch; stop-watch. (See Figuie 8.)

Obtainable from: The C. H. Stoelting Co., Chicago, Illinois, or fiom the

Marietta Apparatus Co., Marietta, Ohio.

Method: Connect the steadiness tester, the needle, the counter, the

switch, and the batteiies, in series. Have S sit in front of the apparatus
and hold the needle in his right hand. Instruct him to insert the needle

into the largest hole and hold it there trying not to touch the sides.

Throw in the switch when the go signal is given, and start the stop-

watch. At the end of fifteen seconds throw out the switch and note on

the counter the number of contacts made by S. Test now for the other

holes in order, from largest to smallest. Be careful that S does not hold

the needle against the plate continuously. In taking this test the arm
and hand should not be supported, and the forearm and upper arm
should form an angle of about 100. Allow thirty seconds' rest be-

tween trials.

Alternative Method: A kymograph drum may be used to record the

contacts instead of a counter. This gives a permanent graphic record.
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Record: The contacts are recorded by the counter, or on the kymograph
drum. Tabulate the number of contacts made in each of the holes.

Johnson (25) used as the score the smallest hole in which not more
than twelve contacts were made. Dewey, Child and Ruml (12) assign
numerical values to each of the nine holes. These values range from
1 to 105 by steps of 13, hole 1 having a value of 105, hole 2 a value
of 92, hole 3 a value of 79, etc. An individual's score is the numerical
value of the hole in which he had made less than twelve contacts in

fifteen seconds, plus the actual number of contacts made in that hole.

Thus, five contacts in hole 3 is a score of 84.

Norms: Table XI gives norms taken from Dewey, Child and Ruml in

terms of the method of scoring described above.

TABLE XI

STEADINESS NORMS

Right-hand Score

(Dewey, Child and Ruml [12])

Boys

Age 9 0-9 9 10 0-10 9 11 0-11 9 12 0-12 9 13 0-13 9

Girls

Age 9 0-9 9 10 0-10 9 11 0-11 9 12 0-12 9 13 0-13 9

Two other tests of steadiness may be mentioned briefly. These are

the taxiameter, designed by Miles (33), and used to measure large-

muscle control and body-sway; and the automatagraph often used

in the psychological laboratory to measure involuntary tremor of the

arm (45).

3. A Scale of Motor Ability Tests

This scale was devised by Brace (6) and standardized upon 775

boys and girls, ages eight to nineteen, and 523 college women. It

consists of twenty tests of body balance, descriptions and photographs

of which are given in Brace's monograph. In a group of forty-four

women, a retest after a year correlated .66 with the first test; in a

group of 106 children, aged thirteen, fourteen and fifteen, the retest

correlation was .82. Two criteria of validity were used by Brace:

ratings for motor ability and scores made in a series of athletic
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events. In a group of boys and girls the correlation of the scale with

the ratings -was .58; for boys alone, the correlation of the scale with

scores in athletic events was .80. These results show the scale to be

fairly satisfactory as an indicator of general motor control.

4. Body-balancing
This test was used by Paterson, Elliott, et al. (36), in the develop-

ment of the Minnesota Mechanical Ability Tests. A three-inch cube

of wood is attached to the middle of a board one inch thick, two feet

long, and five inches wide. Placing the ball of one foot upon the center

of the block, S is required to balance himself on one leg. Two trials

are taken fifteen minutes apart. The reliability of this test for 217

seventh- and eighth-grade boys was .56.

Another form of balancing test has been reported by Hertzberg

(19). A "two by four" board, ten feet long, is set on its narrow edge
and supported by braces. The child is required to walk along this

edge and the distance at which he is forced to step off is recorded.

The correlation between this test and Stanford-Binet mental age was

.15 in a group of forty-six children of both sexes, when variability

in age was held constant. If variability in M.A. is partialed out, the

correlation of the test with chronological age is .41. This indicates

that control of equilibrium is more closely related to physical

maturity than to a measure of general intelligence.

5. Scales Tests

This test is described by Griffitts (18). Two household scales are

placed before S. The dial of the scale at the left faces S, and the

dial of the scale at the right faces the experimenter and is concealed

from S. S is required to push down the scale on his left until the

dial registers one-half pound. Simultaneously, he pushes down the

scale on his right until, in his opinion, he is exerting the same pres-
sure with the right hand as with the left. This procedure is repeated
with 1, 2, 3, 4, 5, 6, 8 and 10 pounds as "standard" pressures.
Four trials are given on each standard and the discrepancy between

right- and left-hand pressures recorded in pounds. In a group of sixty

college men the reliability of this test was .72.

TESTS OF MOTOR COORDINATION AND PRECISION

The tests described in this section require a somewhat greater

degree of coordination and precision of movement than do tests of

speed and muscular control.
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1. Coordination (three-hole test)

This is a well-known test which has been often investigated along

with steadiness, tapping and other standard motor tests. It usually

consists of a triangular board tilted back at an angle of 45 from

horizontal. (See Figure 9.) Three holes lined with brass are set in

the three angles of the triangle. The subject is required to insert a

stylus into each of these holes in succession, working as rapidly as

possible. Each time the stylus is inserted into a hole a contact is

registered on an electric or automatic counter. Carothers (9) has re-

ported the reliability of this test to be .66 in a group of forty-five

Barnard freshmen; and Garfiel (15) obtained a reliability coefficient

of .50 in a group of fifty Barnard sophomores. Carothers reported

low intercorrelations between the three-hole test and nineteen rela-

Figure 9. COORDINATION TEST (THREE HOLE)

(Reproduced by courtesy of the Marietta Apparatus Co.)

lively simple mental and physical tests given to a group of 100

women. The correlation of three-hole coordination and tapping, how-

ever, was .48, which indicates a fairly good relationship between

these two activities. Hollingworth (21) found, in a group of thirteen

subjects, that the correlation of the three-hole test with other tests

varied with the stage of practice reached. The correlation with tap-

ping, for example, rose from .25 for the first trial to .39 for the

two hundred fifth trial.

Hollingworth, in his studies of the eifects of drugs upon per-

formance (20, 22), reported a loss in coordination, as measured by

the three-hole test, which varied directly with the quantity of alcohol

consumed. Small doses of caffeine, however, produced a slight im-

provement in coordination; while larger doses, equivalent to two or
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three cups of coffee (five to six grains), resulted in short initial

improvement, followed by an average loss, after several hours, of

2 to 3 per cent. The loss in efficiency varied inversely with the body

weight of the subject, the heaviest subjects being the least affected.

The effect of caffeine was greatest when taken on an empty stomach.

Griffitts (18) has tested coordination by means of the steadiness

test described on p. 44. A metronome was used to control the speed

of movement. At the first stroke, S inserted the stylus into the first

hole; at the second stroke he withdrew the stylus and let his hand

drop to the table. At the third stroke he inserted the stylus into the

second hole, and so on. The score was the number of holes into which

S inserted the stylus without touching the sides. In another variation

of the three-hole test, Bickersteth (4) used a brass plate, twenty-three

centimeters square, containing twenty-four holes arranged in a circle.

Procedure was similar to the three-hole coordination test, a stylus

being inserted into each of the twenty-four holes in order.

Test 3. Three-hole Coordination

Apparatus: Three-hole coordination board; metal stylus; dry-cell bat-

teries; electric or automatic counters; stop-watch. (See Figure 9.)

Obtainable from: The C. H. Stocking Company, Chicago, Illinois.

Method: S should be seated directly facing the board, with the stylus
in his right hand and his elbow resting on the table. Instruct S to insert

the stylus into each hole as rapidly as possible, taking them in order.

Give five trials of sixty seconds each and average the records for the

final score.

A variation in scoring is to take the time for 100 insertions of the

stylus. By using three counters, one for each hole, it is possible to

record the insertions for each hole separately. This is sometimes desir-

able, for some subjects, in their eagerness to achieve a high score, will

often miss a hole and go on to the next.

Norms: Baldwin and Stecher (3) report the following results for 105

boys and girls:

Insertions

Age (per minute)
2 15 6
3 ... . .. 20 1

4 27 6
5 . 35
6 38 4

According to Carothers (9), the average number of insertions per
minute for 200 Barnard freshmen was 83.4.

2. Aiming

Although there is little uniformity in the method of conducting
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tests of aiming, all such tests are alike in requiring a rather high

degree of precision of movement. Several aiming tests will be

described in this section.

(a) A test blank containing ten crosses irregularly arranged has

been devised by Whipple (49). This blank, shown in Figure 10, is

attached to a wall and the subject is required to stand before the

blank and to strike with a pencil point at the intersections of the

crosses. The speed of thrusting is usually regulated by a metronome.
The test is scored in terms of the amount

by which S misses the intersections. With

slight modifications, this test was used by
Griffitts (18) in a group of sixty college

students. The reliability of the test was .83

for the right hand and .74 for the left

hand. This aiming test bears some relation

to Griffitts' adaptation of the three-hole co-

ordination test, the correlation of the two

tests being .44. The correlation of aiming
with steadiness was .39; with tapping,

.00; and with MacQuarrie's dotting test,

.11.

(b) In studying hand-eye coordina-

tion, Paterson, Elliott, et al. (36), ar-

ranged a target consisting of twenty-five

concentric circles. The smallest circle had

a radius of two millimeters, and each suc-

cessive circle increased in radius by
two millimeters. S was required to hold

a pencil level with his eyes and to try to hit the center of the target

ten times. This task was repeated three times, a fresh sheet being

used for each trial. The score for each trial is the average dis-

tance of the ten dots from -the center. When given to 217 boys in

the seventh and eighth grades, the reliability of this test was only

.24, which indicates a large chance element in the scores made.

(c) An interesting study of individual differences in the aiming

test is reported by Blackburn (5), who modified Whipple's test by

using circles instead of crosses. The subjects, 128 army recruits,

were instructed to spear the centers of the circles with a metal

pointer. The circles were connected by lines to indicate the order in

9

Figure 10. AIMING OR

TARGET TEST

(Reproduced by courtesy of the

C. H. Stoeltmg Co.)
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which they were to be struck. Blackburn contends that even in such

simple tests as this, one should not rely entirely upon objective

scoring methods. He believes that due consideration must be given to

the way in which S performs the task, and to such factors as natural

speed, sense of rhythm, etc.

(d) Another form of aiming test consists in throwing objects at

targets. Such a test was used by Garfiel (15), who set up a target

consisting of a bull's eye surrounded by three concentric circles. The

subject was required to throw a rubber ball at the bull's eye from

a distance of twelve feet. Carver (10) had eight subjects throw darts

at a target, before and after smoking, and found that tobacco caused

a slight loss in accuracy, Johnson (24) has used the dart-throwing

test in a study of fifteen inmates in the Bedford Hills reformatory
for women. This group was divided into three sub-groups of five

each, the first consisting of the more intelligent inmates, the second

of the somewhat less intelligent individuals, and ther third of the

feeble-minded. The most intelligent group had the highest final aver-

age score in dart-throwing and the greatest initial ability, the middle

group ranked second, and the feeble-minded group lowest. The

differences, however, were not significant. The learning curves for

the two extreme groups were more irregular than that of the middle

group.

(e) A test which consisted of throwing rings over a post has been

used by Goodenough and Brian (17). Twenty four-year-old children

were the subjects. Rope rings were thrown at a post from a distance

of ten feet, twenty throws per day for fifty days constituting the

experiment. Reliability coefficients were .59 for one day's perform-
ance, and .93 for the total performance of fifty days.

3. Tracing
An extensive experiment in tracing has been conducted by Well-

man (47), who used the tracing board described by Whipple (49) ;

and also a paper and pencil tracing path, in which the path was a

duplicate of the Whipple tracing board. The paper test was employed
instead of the board because it furnished a permanent record, and

gave the experimenter ample opportunity to observe the child's mode
of attack. The reliability of the tracing board was .82 in a group of

fifty-four children from three to six years of age, while the relia-

bility of the tracing path was .97 for ninety-four children from three
to six years of age. The correlation between tracing path scores and
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chronological age was .81 for boys and .82 for girls, indicating a
decided relationship between age and this type of motor coordina-
tion. With variability in age held constant, the correlation between
the tracing path and Stanford-Binet I.Q. was .09 for boys and .22
for girls.

Test 4. Tracing
Apparatus: Tracing board, shown in Figure 11; metal stylus; dry-cell
batteries, telegraph sounder.

Obtainable f?om: The C. H. Stoelting Co., Chicago, Illinois, or from the
Marietta Apparatus Co., Marietta, Ohio.
Method: Have S sit with the tracing board in front of him so that in

tracing his hand will move toward his body in a median plane. Instruct
S to place the tip of the stylus at the farther end of the groove, and

Figure 11. TRACING BOARD

(Reproduced by courtesy of the C. H. Stoelting Co.)

to draw the stylus toward himself without touching either of the metal
side strips. A full arm movement must be used. Give a few preliminary
trials to adjust the speed, so that the board will be traversed in about
ten seconds. Then have S take five trials with each hand, alternating
from right hand to left. Stop S when the telegraph sounder indicates

a contact. Note the point on the scale at which the contact was made.
Recojd: The score is the point on the scale at which contact was made.
Alternate Method: Another method is to require S to traverse the whole
board and to note the number of contacts made. The points at which
contacts occur may also be recorded. This last is easier if Wellman's

tracing path is used, because a permanent tracing is secured, which

may be scored at leisure.

4. Miscellaneous Motor Tests
1

(a) Koerth Pursuit Apparatus: This test was designed to measure
1
Sold by the C. H. Stoelting Co., Chicago, Illinois.
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hand-eye coordination (28). It consists essentially of a wooden disk

upon which is a brass target, 1.9 centimeters in diameter, sunk

flush with the surface of the disk. The disk is mounted on a phono-

graph, the speed of which can be varied and regulated. S, holding

a pointer in his hand, tries to follow the revolutions of the disk

while keeping the pointer on the target. The time during which S

can keep contact with the target is recorded in tenths of a second.

Percentile norms for 126 subjects are given by Koerth in graphic

form. This test is part of the Stanford Motor Skills Unit (41), and

its reliability for fifty university men is reported by Seashore (42)

to be .93.

(b) Miles Pursuitmeter (32) : The pursuitmeter requires the sub-

ject to follow the oscillations of a needle with a pointer. The needle

oscillates at a different rate every five seconds, and the experiment
lasts five minutes. Errors are recorded upon a revolving drum. A
different form of pursuitmeter is described by Renshaw and

Weiss (39). This test consists of a moving electrode with which S

must keep contact, using a special hammer. The movements of the

electrode change periodically. An analysis of the nature of the

pursuit task is reported by Renshaw and Postle (40) and by
Renshaw (38).

(c) O'Connor Finger Dexterity Test: This is one of a series of

tests devised by O'Connor (35) and used by him in vocational selec-

tion. The subject is seated facing a board in which 100 holes have

been drilled. A tray containing 310 pins is placed on S's right or

left, depending upon whether he is right- or left-handed. The task

consists in placing three pins in each of the 100 holes as rapidly as

possible. The score is usually in terms of time. .While this test is

intended primarily for women, O'Connor has published norms for

both men and women (Appendix B in O'Connor [35]. Norms for

boys and girls, ages seven to fifteen, are given by Whitman (50),
who cooperated in designing the test.

(d) O'Connor Tweezer Dexterity Test: This test differs from the

finger dexterity test in requiring the insertion of only one pin in

each hole, tweezers instead of fingers being used. O'Connor (Ap-

pendix A) lists a number of factory occupations which may be

undertaken by men or women who grade A or B in this test.

Wells (48) offers a modification of this test which he believes to be

more satisfactory than the original form proposed by O'Connor.
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BATTERIES OF MOTOR TESTS

Single tests of motor ability often gain in usefulness when included

in a battery of tests. Brace's team of body-balancing tests has already
been discussed on p. 45. Two other test groups, which include tests

described above, have been devised: the one by Garfiel (15), the

other by Seashore (41). These will be briefly outlined.

1. GarfieFs Motor Agility Tests

Garfiel was interested in constructing a scale of motor tests which

might serve as a valid index of ability in gymnasium and athletic

activities. She investigated sixteen tests, finally choosing eight, which,
when combined into a team, gave a high correlation with a criterion

of ability in sports. This criterion consisted of an order of merit

ranking for athletic ability made by three members of the gymnasium
department and by five students. The subjects were fifty sophomores.
Six weeks after the first rating, judgments were again obtained from

two of the faculty members and from four students. The correlation

of .92 between the first and second ratings indicated a high degree
of consistency in these judgments. The correlation of the team of

tests with the criterion was .77, and its correlation with the Army
Alpha Intelligence Examination was .08. The eight tests chosen

were the following:

(a) 100-yard dash

(b) Picking up paper

(c) Strength of back

(d) Steadiness

(e) Tricks

(f) Tapping

(g) Leg strength

(h) Hand strength

The Garfiel team of motor-agility tests was investigated in connec-

tion with the construction of the Minnesota Mechanical Ability

Tests (36). Garfiel's battery was intended for women. The Minnesota

tests of motor agility, which were developed for twelve-year-old boys,

included only the running, back strength, steadiness and right-hand

strength tests. The correlation of the Minnesota Agility Tests with

the eight separate Minnesota Mechanical Aptitude Tests ranged from

.14 to jg^ averaging .05. The correlation of the agility battery
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with Otis I.Q. was .38. These extremely low correlations, together

with the low correlation of the Garfiel battery and Army Alpha,

suggest the existence of motor agility as a trait independent both of

verbal intelligence and mechanical skill (36).

2. The Stanford Motor Skills Unit

This group of tests was assembled for the purpose of predicting

success in complex vocational activities. The advantages of the bat-

tery are described by Seashore as follows: (a) The reliabilities of

the tests range from .75 to .94, with an average reliability of .84;

(b) the intercorrelations between the individual tests are low, rang-

ing from .03 to .48; (c) a unified scoring system is used; (d) in

five of the six tests the scoring is automatic; (e) the apparatus is

standard. To these advantages may be added the fact that the tests

can be given outside the laboratory. The battery was constituted as

follows:

(a) The Koerth pursuit apparatus, described on p. 51.

(b) Motor rhythm, or precision in following a regular rhythm pattern
on a telegraph key.

(c) Serial discrimeter, or speed of finger movements in discriminative

reaction to a visual series.

(d) Tapping (p. 38).

(e) Spool packing, involving speed in the coordination of the hands.

(f) Speed rotor (Miles) requiring speed in turning a small hand drill.

The practical application of this battery to vocational selection

and guidance is as yet problematical. Seashore (42) has reported

an experiment carried out upon fifty male operatives in a knitting

mill, in which scores in the tests were correlated with production in

the winding of yarn, a high-speed process. The reliability of the

production criterion (i.e., yarn winding) is given as .86. The cor-

relation of the individual tests with the criterion ranged from .07

to .36, while the correlation of the whole battery with the criterion

was .14.

Seashore interprets the low intercorrelations of the tests in his

battery, as well as their low relationship to his criterion, to mean
that motor skills are highly specific. This is an interesting finding

from the standpoint of the organization of abilities. Unfortunately,

however, it renders doubtful the value of a battery of simple motor

tests in forecasting complex manual activities.
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TESTS OF MECHANICAL APTITUDE

Motor ability is usually to be distinguished from mechanical apti-
tude. Tests of motor ability, as we have seen, are designed to measure
functions demanding, in general, speed and precision of movement,

hand-eye coordination, and muscular control. Tests of mechanical

aptitude, on the other hand, are more complex and much broader in

scope. Not only do they draw upon inherited motor abilities, but

upon acquired skills and developed interests as well. Expressed more

concretely, such tests attempt to measure the ability making for suc-

cess in tasks requiring the use of tools, the understanding and opera-
tion of machinery, skill and dexterity.

The Minnesota investigators (36) set up certain criteria of

mechanical ability which will serve to clarify the concept. These

criteria were (a) quality of mechanical work as judged by experts;

(b) quantity of mechanical work when a given standard of excellence

is maintained; (c) creativeness in mechanical work as shown in the

devising of new methods or in the utilization of old methods in novel

ways; (d) critical appreciation of mechanical work which involves,

among other things, good judgment in the evaluation of constructed

products and a keen interest in mechanical things.

The pioneer attempt to measure mechanical aptitude was the group
of tests devised by Stenquist (44), the Assembling Tests and the

Mechanical Aptitude Tests. Both of these batteries have found ex-

tensive use in schools, as well as in vocational guidance and selection.

1. The Stenquist Assembling Tests
1

This battery embraces three series or groups. The first and second

series were intended for children in the upper grades, for high-school

pupils, and for adults. The third series was constructed for children

in the lower grades.

Series 1: This test, which consists of a box divided into ten com-

partments, is shown in Figure 12. Each compartment contains a single

mechanical device, such as a paper clip, a bicycle bell, a clothespin,

a mouse trap, and the like. These devices are taken apart, placed in

the box, and presented to the subject, who is simply told to put the

parts together. The time taken for this series by an average seventh-

grade boy is thirty minutes. The reliability of this series ranged from

.06 in a group of fifty-two sixth-grade girls to .80 in a group of

1
May be purchased from the C. H. Stocking Co., Chicago, Illinois.
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thirty high-school boys. Most of the reliability coefficients are

above .60.

Series 2: This is another series of ten models, to be given in the

same way as Series 1. Series 2 correlated .59 with Series 1, in a

group of 369 seventh- and eighth-grade boys. In a group of graduate

students, men and women, the correlation of the two tests was .75.

Series 3: This is a series of ten models, to be used with children

in the third, fourth, fifth and sixth grades.

Stenquist (44) has reported a correlation of .40, in a group of

100 seventh- and eighth-grade boys, between Series 1 and a com-

posite intelligence score made up of the Haggerty Intelligence Test,

Figure 12. STENQUIST ASSEMBLING TESTS, SERIES 1

(Reproduced by courtesy of the C. H. Stoelting Co.)

National Intelligence Tests 1 and 2, Myers Mental Measure, and

the Kelley-Trabue Test. The correlation between Army Alpha and

Series 2 in the same group was .34. In five army groups, numbering
30 to 216 men, Stenquist obtained correlations between Series 1 and

Army Alpha ranging from .00 to .35. Toops (46), who gave the

Stenquist Assembling Test to 145 high-school boys, obtained a cor-

relation of .14 with Army Alpha. The correlations between the

Stenquist Assembling Test and the Thorndike Intelligence Examina-

tion in a group of eighty-two university students were .24 for men,
and .13 for women.

The correlations reported above indicate very little relationship

between general intelligence and mechanical ability as measured by
Stenquist's tests. Because of this low relationship, Stenquist concludes

that "an individual's position in General Intelligence is ... largely

independent of his position in General Mechanical Ability and Apti-
tude." The validity of the Assembling Test is high, as measured by



MOTOR ABILITY; MECHANICAL APTITUDE 57

school marks in shop work. The correlations of Series 1, with

teachers' rankings of boys for achievement in shop work, range from
.80 to .90 (44).
The Stenquist Assembling Tests have been revised at the Univer-

sity of Minnesota, the revision being known as the Minnesota

Assembling Test (36). Many of the mechanical devices used by
Stenquist have been retained, and several new ones added. The relia-

bility of the Minnesota Assembling Test was .94 in a group of 150

seventh- and eighth-grade boys. In the same group the correlations

between the Minnesota Assembling Test and various criteria of me-

chanical ability (36) ranged from .24 to .55.

2. The Stenquist Mechanical Aptitude Tests I and II
1

The Stenquist Assembling Test is not adapted to group testing. It

is somewhat cumbersome to use and is expensive if many sets are

required. To meet these difficulties, Stenquist has devised two paper-

and-pencil tests which present a large number of mechanical prob-

lems, and involve a minimum of language. In the first of these tests,

Test I, ninety-five problems are presented by means of pictures. S is

required to indicate which one of five pictures belongs with each of

five other pictures. These pictures deal with common mechanical

devices, and do not require special training or skill. Test II is much
like Test I, but its questions deal more specifically with machinery
and machine parts. Familiarity with and interest in machinery are

measured more directly by this test. Test I had a reliability of .79

in a group of 103 boys in grades six, seven and eight; while Test II

had reliabilities of .61 and .68 in a group of 200 boys in the same

grades (44).

The correlations of the Mechanical Aptitude Tests and general

intelligence are no higher than those between the Assembling Test

and intelligence. Kefauver (26) has reported a correlation of .35

between the Mechanical Aptitude Tests I and II, and the Terman

Group Test of Mental Ability, in a group of 101 pupils in Smith-

Hughes trade courses. This result agrees with the finding of Pater-

son (36), who obtained a correlation of .36 between Test II and an

average of Army Alpha and Otis LQ.'s in a group of 217 junior-

high-school boys. The studies of Paterson and Kefauver support the

conclusion of Stenquist (44) that, generally speaking, intelligence

and mechanical ability are largely independent functions.

1
Sold by the World Book Co., Yonkers, New York.
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According to Stenquist (44), the correlation of the Mechanical

Aptitude Test I with the Assembling Test, Series 1, is .64, while its

correlation with the Assembling Test, Series 2, is .69. The correla-

tions between the Mechanical Aptitude Test II and teachers
5

rankings
of students in shop work range from .43 to .84, averaging about .64.

Kefauver (26) found correlations between teachers' ratings of 101

boys for achievement in shop courses, and the Mechanical Aptitude
Tests I and II ranging from .07 (automobile mechanics) to .65

(machine shop). When all of the students were taken together with-

out regard to the type of shop work pursued in school, the correlation

of test scores with teachers' ratings was .45. These results suggest
that Stenquist's tests should be distinctly useful as an aid in the

selection of students who possess mechanical aptitude.

3. Toops LE.R. 1

Assembly Test for Girls

Toops (46) has constructed the LE.R. Assembly Test for girls,

with the aim of duplicating with different materials the test situations

presented to boys in the Stenquist Assembling Tests. There are eleven

tests in the LE.R. series, typical of which are stringing beads, cross-

stitching, trimming paper, inserting tape, etc. The correlations be-

tween the LE.R. tests and the Stenquist Mechanical Aptitude Tests I

and II in a group of girls, ages twelve to fifteen, inclusive, were as

follows: for 76 twelve-year-old girls, .48; for 120 thirteen-year-old

girls, .47; for 83 fourteen-year-old girls, .42; and for 39 fifteen-

year-old girls, .31. The correlations between these two batteries were
somewhat higher for boys; the correlation of the LE.R. test with the

Stenquist Assembling Tests being .53 in a group of thirty seventh-

grade boys, and .50 with the Stenquist Mechanical Aptitude Tests I

and II combined, in the same group. These results indicate that

performance in the LE.R. Assembly Test depends to a fairly substan-

tial degree upon the same abilities measured by the Stenquist tests.

4. Minnesota Mechanical Ability Tests
2

The most thorough investigation of mechanical abilities has been
conducted at the University of Minnesota, and has been described in

detail by Paterson, Elliott, et al (36). The possibilities of a large
number of tests were investigated, and several batteries of mechani-
cal ability tests were constructed. The criteria against which the

Institute of Educational Research of Teachers College, Columbia University Sold
by the C. H. Stocking Co., Chicago, Illinois.

8
Sold by the Marietta Apparatus Co., Marietta, Ohio.
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tests were validated consisted of: (a) The finished products made

by boys in introductory courses in shop work; (b) the results of

tests of final operations in the same courses; (c) the results of ob-

jective information tests also given in the same courses. In drawing

up a final criterion, account was taken of both quality and quantity.
Three measures were obtained: (a) a measure of the quality of the

work done, known as the "quality criterion"; (b) a measure of the

quantity of the work done in relation to its quality, known as

the "quantity-quality criterion"; and (c) a measure of information

about tools and materials and their uses, known as the "information

criterion."

A full report of the construction of the Minnesota Mechanical

Ability Tests has been given by its authors and need not be repeated
here. A few of the batteries, however, will be listed, and some typical
results cited.

(a) One of the most extensive batteries consisted of the following
tests :

(1) Minnesota Papei Form Board

(2) Academic grades

(3) Minnesota Assembly Test

(4) Boy's mechanical operations (a questionnaire concerning the boy's
mechanical operations in and about the home)

(5) Interest Analysis Blank (Hubbard revision of FreydPs blank)

(6) Otis Intelligence Test

The correlation of this team with a combined quality and informa-

tion criterion was .81, this being the highest validity coefficient

between any selection from all of the available mechanical tests and

acceptable criteria.

(b) Another battery consisted of the Minnesota Assembly Test,

the Interest Analysis Blank, and the Minnesota Spatial Relations

Test, which includes four formboards. The correlation of this battery

with the quality criterion was .67. In the validation of these bat-

teries the subjects were 100 boys in the seventh and eighth grades,

their ages ranging from 121/2 to 16^- The correlations of the test

scores with chronological age ranged from .21 to .19.

A number of other batteries were investigated, validity coefficients

ranging from .55 to .66. The reliability coefficients of the tests in-

cluded in these batteries ranged from .86 to .94, in groups of from

100 to 217 junior-high-school boys. On the whole, the Minnesota
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Mechanical Ability Tests are satisfactory from the standpoints of

both reliability and validity. In fact, this investigation gives an excel-

lent picture of the best available techniques used in present-day

test construction.

The authors of the Minnesota Mechanical Ability Tests have

studied the effects of environmental influences upon mechanical abil-

ity. A thorough investigation of the pupils' environment and previous

experience was made. Questionnaires relating to economic and cul-

tural status were employed, and information was obtained covering

such things as the mechanical skill shown by fathers and sons in

work around the house, fathers' and ancestors' occupations, tools

owned by the family, etc. When these various measures were cor-

related against the test scores, the highest coefficient, that between

test scores upon an apparatus test battery and the mechanical opera-

tions reported by the boy himself, was .39. Other correlations between

test scores and environmental influences ranged from .14 to .35.

These results do not indicate a very close relationship between envi-

ronmental influences of a mechanical sort and the scores achieved by
the 100 junior-high-school students tested.

Age differences in mechanical aptitude were investigated by giving

the tests to more than two thousand subjects ranging in age fiom

eleven to twenty years. The correlations between age and various

combinations of tests ranged from .39 to .52 in groups of 690 to

831 subjects, indicating a moderate relationship between age and

mechanical ability as measured by the tests.

In several of the tests, notably the Minnesota Assembly Test, boys
and men made significantly higher scores than girls and women. In

some of the tests, however, e.g., the Minnesota Spatial Relations, the

Card Sorting, and Packing Blocks, sex differences were not signifi-

cant, or else the girls excelled the boys. These results cast some doubt

upon the common opinion that boys and men are natively superior

to girls and women in all mechanical operations.

An analysis of the test scores made by students taking different

courses revealed that engineering students do not excel liberal arts

students in mechanical ability tests. Nor were vocational-school boys

superior to academic groups in mechanical ability as measured by
the tests. These findings suggest that choice of occupation is not

always based upon the possession of specific abilities. Also it appears
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that the selection by boys of courses in vocational training is not

always due to the fact that they possess superior mechanical aptitude.

5. Detroit Mechanical Aptitude Examination for Boys
1

This is a paper-and-pencil test devised by Baker and Crockett (2).
It consists of eight parts, as follows: recognition of tools; a tracing
test; estimation of errors; information; sorting of pictures of nuts,

bolts, washers and screws; spatial relations; functions of parts of

machines ; operation of machines. Answers are indicated by filling in

numbers and letters, twenty-eight minutes being allowed for the

whole test. The test was standardized upon 3,255 boys, and norms
are given for ages ranging from 8 to 20. Retests upon 193 pupils
after an interval of two weeks gave a reliability coefficient of .76.

Test scores were correlated with shop teachers' ratings for fifty boys
in a technical high school, resulting in a validity coefficient of .64.

The correlations of the test with tests of general intelligence range
from .30 to .50, and would undoubtedly be lower if age variability

were ruled out, since the norms increase markedly with age.

6. MacQuarrie Test for Mechanical Ability
2

This test, devised by T. W. MacQuarrie (31), is another paper-

and-pencil test designed to measure mechanical ability. An effort was

made to duplicate on paper a number of psychological tests which

have been used at various times to measure motor speed and pre-

cision. The test consists of seven parts and includes such perform-
ances as tracing, tapping and dotting. The separate sub-tests have

reliabilities which range from .72 to .86. The reliability of the whole

test was reported by the author to be over .90 in each of three groups
of subjects, numbering 35, 80 and 250 cases, respectively. The

validity of the MacQuarrie Test was determined by correlating scores

made on it with teachers
9

ratings of mechanical ability and the degree

of excellence of mechanical work completed. The resulting correla-

tions ranged from .32 to .81, which is fairly good evidence that the

test indicates, at least, the presence of mechanical ability as defined

by the criteria.

An attempt was made to discover whether the ability measured by

the test was related to the ability measured by general intelligence

tests. The correlation of the MacQuarrie Test with group intelligence

tests was never above .20 and in one group of sixty cases the correla-

1 Sold by the Public School Publishing Co., Bloomington, Illinois.

a Sold by the C. H. Stocking Co., Chicago, Illinois
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tion was .00. It appears, therefore, that this test measures something

very different from the traits measured hy group mental tests. The

MacQuarrie Test has simplicity of construction and ease of adminis-

tration in its favor.
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CHAPTER III

TESTS OF PERCEPTION AND ATTENTION

IN EVERY-DAY life, those objects and events perceived or experienced
by way of the senses furnish the primary data which are the basis

of mental activity. In a real sense, therefore, the function of per-

ception may be thought of as fundamental to all behavior. To per-
ceive is to grasp, i.e., to apprehend and to discriminate. Hence tests

of perception are concerned primarily with the individual's ability
to perceive likeness and difference; with the amount of material

which he can apprehend, and the speed with which he reacts; and
with relationships of space, time, form, color, etc.

Strictly speaking, there are no tests of attention per $e, but

achievement in any mental test depends in part upon attention. This

is especially true of perception tests, in which a successful response
demands concentration of a high order. Tests of perception, there-

fore, are at the same time particularly good measures of attention,

and have often been employed for this purpose. The following sec-

tions will describe some typical tests of perception and attention.

1. Span of Visual Perception
The greatest amount of material that can be visually apprehended

in a single moment of attention is called the span of perception. The

typical procedure in measuring span of visual perception is to expose
cards containing the test material for a period of .1 second (100 o")

1

or less. This short exposure interval, which is necessary in order to

preclude eye movements, demands the use of a tachistoscope or other

automatic exposure device. (See Figure 13.) In a tachistoscope each

card is shown for an instant only, through an aperture, and is imme-

diately covered by a shutter. S is required to fixate a point upon the

concealing shutter. When his attention is fixed he signals to the experi-

menter, who exposes a card. Another method is to give S a warning

signal, and after a prearranged interval, say two seconds, to expose
1

a- = .001 second.
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a card. This preparatory interval is intended to establish a more

definite mental set than would be possible with an indefinite interval.

The earliest experiment upon visual perception span was per-

formed by Cattell (9) who reported the normal span for adults to

be four digits or three to four letters. Whipple (55) gives the average

adult span as 4.8 letters. He states that ordinarily four to five unre-

lated objects can be grasped in a single exposure, though many indi-

viduals do better than this. Much depends upon the kind of material

employed, and upon the age and training of the subjects. For related

material the span of visual perception is longer than for unrelated.

Many individuals will grasp fifteen to twenty letters when they form

familiar words, and a smaller number when the letters are grouped
into unfamiliar words. As many as thirty-two letters can be read

when they make up a sentence of short words. These facts are impor-
tant in the psychology of reading (p. 69).

According to O'Brien (33), the span of perception in silent read-

ing increases with age and with school grade. From his curves of

growth in perception span ([33], p. 99), it appears that improve-
ment is rapid up to the end of the fourth grade, the average number

of eye fixations per printed line decreasing from 18.6 (Grade I) to

7.5 (Grade IV). From grade four on to the first year of high school,

there is a plateau, which is followed by a second rise, the average
number of fixations per line for the college group being 5.9. Similar

results have been recorded by Gray (23) who found an increase in

perception span beginning with the third grade, erratic results in

the fourth and fifth grades, and from then on a slow increase to the

college level.

Except at the very beginning, the span of perception in the case

of adults increases little, if at all, with practice. One of the earliest

experiments upon the effects of practice was performed by Whipple

(54) with six college students as subjects. Test material consisted of

groups of unrelated letters, five, six or seven in number which were

exposed for .08 second. The number of letters perceived at the begin-

ning of the experiment lay between four and five. After a practice

period of from seven to ten days, the perception span showed a

slight increase, which Whipple attributes to the better adaptation of

his subjects. Relatively slight improvement was found also when

dots, pictures, drawings, nonsense syllables and stanzas of poetry
were used as exposure material. Foster (17) has performed a some-
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A

Figure 13. WHIPPLE Disc TACHISTOSCOPE

A, front view; B, rear view; C, front view, screen removed.
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what similar experiment to that of Whipple's, using objects, pictures

and nonsense drawings as material. His subjects were three trained

psychologists, and the exposure time varied from ten to sixty seconds.

When exposure times are as long as this, so that eye movements are

allowed, the response is called the span of apprehension rather than

the span of perception. Foster found that the increase in ability to

reproduce material appeared early in the experiment, the limit being

reached in a short time. He attributes the improvement found to

the acquisition of more efficient work habits, such as tricks of count-

ing, grouping, etc. There was little evidence that practice actually

increased the span of apprehension.

Dallenbach (13) has investigated the perception span of twenty-

nine second-grade children of both sexes with somewhat different

results from those cited above for adults. Ten minutes' drill was

given daily for seventeen weeks, digits, letters, combinations of both,

geometrical forms, etc., being used as test material. Dallenbach's

results may be summarized as follows: At first there was rapid

improvement followed by a marked loss in rate of improvement; the

increase in perception span, however, persisted even after forty-one

weeks of no practice. Since perception span in reading is known to

increase during the early ages (33) this result may be attributed in

part to the fact that the children in this experiment were nearly one

year older when finally tested.

The relation of span of visual perception to intelligence has re-

ceived some attention from investigators. Dallenbach (14), in a

study of eighteen girls and twenty-three boys, all of whom were

inmates in an institution for the feeble-minded, obtained a correla-

tion of .70 between visual apprehension and mental age found by
the Yerkes-Bridges Point Scale. The wide age range of Dallenbach's

subjects (ten to eighteen years) makes it probable that this cor-

relation would be lower if age variability were held constant. Tinker

(49), who has made an exhaustive summary of the work done upon
visual apprehension and perception in reading, quotes Ranschburg

(42) to the effect that feeble-minded children have a definitely

smaller perception span than have normal children. In another

experiment cited by Tinker, Hoffman (27) found a correlation of

.60 between general intelligence and perception span in a group of

250 grade school children. These studies indicate a substantial rela-

tionship between general mental ability and span of perception in
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the early years. This is to be expected, perhaps, since in children

perception span is a measure of alertness and of interest as well as

of "intake."

In the psychology of reading the span of visual perception is of

fundamental importance, although a wide visual span does not guar-
antee efficiency in reading. Gray (24) has shown that it is possible
to have a wide span of perception and yet be an inefficient reader.

Buswell (6) who worked with 186 students in grade school, high
school and college, reported a positive correlation between percep-
tion span and "mature reading habits." Mature reading habits, as

defined by Buswell, embrace the following characteristics: Speed
of perception, few fixations per line, few or no refixating movements
and minimal duration of fixation. It is well known (Dearborn [15])
that in reading, the eyes do not move smoothly along the line, but

proceed in jerks from left to right, with short fixation pauses between

movements. It is during these pauses that the reading matter is

perceived; and hence a wide visual span permits the apprehension
of more material than does a narrow one. In reading it is important
to reduce not only the number of fixation pauses per line, but the

duration of the rest pauses as well. Efficiency in reading demands,

in addition, a minimum of backward movements along the line. A
discussion of methods of studying these factors and of results

obtained is given by Gray (24) and by O'Brien (33).

Test 1. Span of Visual Perception

Apparatus; Whipple disc tachistoscope, or any standaid short exposure

apparatus; set of cards containing varying numbers (310) of dots,

digits, nonsense syllables, unrelated words, easy words, familiar words,

etc. The exposure material may be made by the experimenter, or pur-

chased from the C. H. Stoelting Company, Chicago, Illinois. The disc

tachistoscope is obtainable from the C. H. Stoelting Company, Chicago,

Illinois.

Method: First adjust the aperture of the tachistoscope for an exposure

of .1 second. Whipple (55) gives the method for adjusting the disc

tachistoscope for exposure of different lengths. If this instrument is

used, have S rest his chin upon the chin rest and focus his eyes upon
the point in the center of the fixation card. Insert the first card in the

holder and when S's full attention is secured, release the trigger and

expose the card. Write down S's report. The trigger may be released

upon signal from S, or after a predetermined interval, say, two seconds

after the "Ready^ signal. By attaching a string to the trigger, it is

possible for S to control the interval before exposure himself.
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Record: Most investigators take the span of visual perception to be

simply the largest numbei of items that can be giasped by S, without

error, in a single exposure. Thiee trials may be gi\en on each card until

S fails in all three; or the same caid may be presented over and over

againj the number of trials needed for a correct response being recorded.

Norms: Norms determined by different investigators will be found on

p. 66. In the Columbia University Laboratory the following result has

been secured: With fifty-three men and women subjects, using the disc

tachistoscope, with an exposure time of .1 second, the perception span
for unrelated letters averaged 5.09, with an S.D. of 1.58.

2. Cancellation

Tests of cancellation have been used to measure perception, atten-

tion and even speed of movement. There are many varieties of the

cancellation test, but all are alike in requiring the subject to mark
out certain recurring (and designated) items from a page of mate-

rial, with maximum speed and accuracy. The material, for example,

may consist of a sheet containing letters printed in random sequence,

through which S is instructed to go, line by line, and cross out every
a that he finds. The task may require the cancellation of two or more

letters, say, every a and t, or a, t, c and g; or digits may be used

instead of letters, the instructions being to cancel single digits or

combinations of digits. Again S's task may be to cross out every
four-letter word on the page. In such tests the words may be spaced
as in ordinary reading matter, or printed with no spacing between.

Still other forms of this test call for the crossing out of circles,

squares, crosses, etc., from sheets containing a variety of such forms.

Few tests have been employed for so many purposes as have can-

cellation tests. Scores in cancellation have been correlated with

measures of general intelligence, with vocational skills and with

special abilities of various sorts. Cancellation has been used as a

measure of the effects of various kinds of motivation; of the effects

of smoking, of different degrees of attention and of various mental

sets. Cancellation tests have been employed also in studies of sex

differences, in the comparison of twins, and in the estimation of time

intervals.

The correlations between tests of general intelligence and cancella-

tion are rarely higher than .30 for children, and in the case of adults

are often lower (55). Hertzberg (26) gave two cancellation tests

to forty-six kindergarten children. The first test consisted simply of

crossing out circles in order upon a checkerboard of circles, the
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score being the number of figures crossed out in one minute. The
correlation of the scores in this test with Stanford-Binet Mental Age
was .55. This coefficient dropped to .29, however, when the varia-

bility introduced by differences in age was partialed out. The sec-

ond test consisted in crossing out circles on a sheet containing stars,

circles, squares and triangles arranged in random order. These can-

cellation scores correlated only .19 with mental age when variability

arising from differences in chronological age was held constant.

Brown (5) compared the cancellation scores of thirty-nine girls and

forty boys, eleven to twelve years of age, with teachers' estimates of

intelligence and with school grades, obtaining correlations ranging
from .00 to .28. Vickery (51), in a recent experiment, gave the A
cancellation test to eighty women in Alabama College. The work

period was twenty minutes, a longer time than is usually devoted to

cancellation tests. The correlation between the Otis Self-Administer-

ing Test of Mental Ability and cancellation in this group was .25.

Sommerville (46) who correlated the cancellation scores of 102

college men with their scores in ihe Thorndike Intelligence Examina-

tion obtained a coefficient of .16.

The cancellation test exhibits a fair degree of correlation with

those mental tests which demand quickness and discrimination. Gar-

rett and Lemmon (18) have reported correlations of about .40

between cancellation scores and tests of analogies, completion, and

word building in adult groups. From tests given to six classes in

grades four and five in the Horace Mann School, Gates (20) obtained

the following correlations :

Cancellation with: r

Comprehension of reading . . 28

Thorndike-McCall Reading Test 27

Courtis Rate of Silent Reading . 30

Courtis Comprehension of Reading 29

Monroe Comprehension of Reading 16

Word Perception . 26

Picture Naming 03

Gates's cancellation test consisted of rows of numbers (mostly five

digits each) paired against each other. The task was to cross out

each number which was not identical with its paired number. The

correlations of the reading tests with cancellation are fairly consistent

but not very high. The Picture Naming Test, which is quite different

from cancellation, has a low negative correlation with it.



72 PSYCHOLOGICAL TESTS

Cancellation Test

hplgvjembsfgtcdbvmzkhfpoiabgjflurcqihdjoabkvt
ndefxkj cdtmwfzeoj qlfhycijwpzhkeqfvyzlsxfpvrj y
mxnmfktvxpyralkjowqfvpystexralpbiqcrdjfuqzihg
pskdcmosgfyqwepkasditogmqkftshbdrpzvxqufsid
tohxwaklbvxzfoearlsjvqfuoltdapqevkmtpuodszejwg
xfvozpkqrbeftkxrvjybuacdswbumehrcdxygj whblft

yekdwzvxbpokwizyedgowacpkmjrhltoivdaxkhmwz
ytejscqioxhtfayubltrezpwmslbjgevxniwoybhazfkm
tndrbuclmteazyjgivptwohswfzyqrhlnajyozptqkba
msofcvukbijpcyfaoujzmclkrvxptcndsoaljyrbcvzsgu
yknbfcgzjprmqkdfgawulcrkgdfuiqkaczymdlxfqokz
nwujgredlzupnjxgdfzemoj ndxciuzwbjqdghvusiqod
zbuecgtpqkuwlj orbkspwuj toebnmwadfsvnkubroljw
icuofnaedjxcgvznlsfjbhzruxnfmodhycvsqrukfgdaie
xmphfdoqcretbmivlcdnfhqkgpxoasvyntxwbqpfhvn
ekdzjrylqamsptkgzonieusyrpnqzcsvtuiygfkpzsnldt
vkbpasynjxhobuywqzcljgyrovdwnmuqkfxihyvgaj
wlusnmxbgtyikpaugxltybingujsxyrpmhgvbzluxce

yvgxzodcabeximnfyutjrxnzhwbdipcolevxintmhwpl
iymgdwrakivqyselwdfikuhvsgdcimwopvqkinudwr
htlvxysizcldqwpjuzraehwivsrmyubevpnigoqsmvzer
uysmxanigzveqxrpwosnltxzujwgakmehlcynbkpwv
oahyispktgcmnqzsejiucodrhesbgufmxopnqckegmu
xatkojhbeavupsrmxtqwkhbcoryuaqhimzkwbnqjria
Idevcbtqnwlxdrzfecgrpinajhxtqkyiwmucgolkebam
qrgnvj swhdexcormuplhqrnzetwblhcgrtj amlfhycxr
bovzdnyheilavcfonyhxatzwgnhjfmowbpxhtsdfvep
wimngsaectjqwhftypdos.

Name

Date Sex

Age Giadr

Test 26

No. 27008 Wlupple's Manual
No. 27003 Pyle's Manual C H Stoeltmg Co , Chicago, 111 , U. S. A.

Figure 14. LETTER CANCELLATION TEST
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Speed in cancellation increases with practice, according to the

results of a number of investigators. DeWeerdt (12) found that

forty-five children, practicing three minutes daily for eleven days
on the Woodworth-Wells Cancellation Test, improved as much as 62

per cent, in speed. Gates (21) gave the Woodworth-Wells Number
Cancellation Test to about 200 fifth- and sixth-grade children. If we
take the record of the first day as a base, the gains for the four days

following were 12 per cent., 19 per cent., 26 per cent., and 33 per
cent. The cancellation test lends itself readily to studies of rates of

work and limits of improvement, and has been so used by a number

of workers. It is also useful in the investigation of individual

differences in learning (Kincaid [30]).

Several attempts have been made to find a relationship between

cancellation and vocational skills. Link (31), in a study to which

reference has already been made (p. 39), reported that inspection

of shells had a correlation of .63 with the Woodworth-Wells Number

Cancellation Test; while gauging shells yields a correlation with can-

cellation of only .17. The subjects in this experiment were fifty-two

inspectors and twenty-one gaugers (all girls) employed in a muni-

tions and arms factory. Evidently the cancellation test made a real

distinction between these two occupations.

The reliability of the cancellation test is usually satisfactory. The

Minnesota investigators (36) allowed their subjects two minutes for

number cancellation, and two minutes for letter cancellation. In a

group of 217 boys in the seventh and eighth grades, the reliability

of number cancellation was .76, and letter cancellation .80. The

tests were the Woodworth-Wells Number Cancellation blanks (57).

Carothers (8), who gave the Woodworth-Wells Number Cancellation

blank to a group of forty-five freshmen girls, obtained a reliability

of .60. A summary of early studies of cancellation has been given

by Whipple (55), who reports the reliabilities of the test to range

from about .60 to .97, for various forms and lengths of the test. The

highest reliabilities are those reported by McCall (32), who gave

the Woodworth-Wells Cancellation Tests to a group of eighty-eight

sixth-grade children. Cancellation of the letter S for four minutes

gave a reliability of .93, while cancellation of the letter A for seven

minutes gave a reliability of .95. Two number cancellation tests had

reliabilities of .96 and .97, when eight minutes were allowed for
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each test. The reliability of a cancellation test evidently depends

directly upon its length, or upon the time spent upon it.

Test 2. Cancellation

Materials: Printed forms of cancellation tests of various sorts, e.g.,

digits, letters, geometrical figures, etc.; a stop-watch; a large time clock

(if the work-limit method is to be used) . A large variety of cancellation

blanks may be obtained from the C. H. Stoelting Company, as well as a

stop-watch and time clock. A letter cancellation blank is shown in

Figure 14.

Method: Cancellation tests may be conducted either by the time-limit

method or by the work-limit method. In the first method, two minutes

or less are allowed and a record taken of the number of items can-

celled. In the second method, S is allowed to work through the entire

sheet, and the time taken to complete is recorded. Unless the large

time clock, from which each subject reads his own score, is employed,
it is difficult to work with more than one subject at a time, if the work-

limit method is used.

To administer the test by the time-limit method, pass out the test forms,

say the letter cancellation test, face down. Instruct the subjects to turn

their blanks over at the go signal and to cross out as rapidly as possible

every letter a on the page. At the expiration of two minutes, say stop.

In the work-limit method each subject, as soon as he has finished the

blank, looks up immediately and reads his time from the clock, which

was started at the signal go.

Record: For most purposes, it is sufficient to take as score the total

number of items crossed out in the time allowed. Errors are infrequent,

and if they occur may be subtracted from S's score. If the work-limit

method is used, the score is the number of seconds taken to complete,

plus a penalty of one or more seconds for each item omitted.

Norms: Norms for adults on several cancellation tests are given by

Whipple (55). The following results have been secured in the Colum-
bia Laboratory from groups containing both men and women:

Test N
A 28 Average time to complete:

82.90 seconds
S.D 15.21

a-t 90 Average number of cancellations in 120 seconds:
3249
S.D. 6.25

Number Group Checking 49 Average time to complete:
151 86 seconds
S.D. 18 85

Norms for children are published by Pyle (39) . Table XII, which con-

tains useful norms for children, is taken from Dewey, Child and
Ruml (16).
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TABLE XII

CANCELLATION TIME (CHILDREN)

Time (in seconds) required to cancel all as in hpl and :cy blanks

(From Dewey, Child and Ruml [16])

Boys

Age ... 9 0-9 9 10 0-10 9 11 0-11 9 12 0-12 9 13 0-13 9

Mean ... 327 12 303 7 * 6 7 281 i * 6 8 261 2 - 7 8 247 7 * 5 9
SD 1200=1=81 69 2 4 7 69 4 8 804=03 611*42

Girls

Age . . . 90-99 10 0-10 9 11 0-11 9 12 0-12 9 13 0-13 9

Mean . 319 4 * 8 I 285 * 11 287 7 * 7 3 257 9 * 6 9 227 4*61
S.D 819*59 1130* 79 737*52 72 4 9 63 8 4 3

3. Card Sorting
Card sorting has often been used to measure the influence of vari-

ous factors upon motor learning and the effects of practice. In this

section, however, we are chiefly interested in this test as a measure

of sensory-motor discrimination and of visual perception. Card

sorting as a test of perception is somewhat akin to the cancellation

test, in that both demand quick movement and rapid judgment of

differences.

The influence of age and other factors upon card sorting has been

investigated in several studies. In a study by Wellman (53) which

included fifty-four children three to six years of age, a correlation

of .65 was obtained between card sorting and the tracing board.

When variability arising from differences in chronological age was

partialed out, this correlation dropped to .32. When variability due

to mental age (Stanford-Binet) was held constant, the correlation

between tracing and card sorting fell from .65 to .08. These results

show clearly the influence of physical and mental maturity upon

performance in card sorting. In another series of experiments, Well-

man found a correlation of .86 between card sorting and the tracing-

path performance (p. 50). The experimental group in this study

consisted of 136 children. When variability arising from differences

in mental age was held constant this correlation fell to .49.

The subjects in all of these experiments were children. A study of

card sorting in which adults were subjects has been reported by



76 PSYCHOLOGICAL TESTS

Calfee (7). The subjects were 103 freshmen in the University of

Texas (fifty-one men, fifty-two women), and thirty boys in the grade

schools. The task was to sort fifty cards into five piles, in accordance

with the numbers printed on the cards. Correlations were calculated

between the card-sorting test and each of five other tests, viz., card

dealing, alphabet sorting, a mirror test, a test of vital capacity

(p. 12) and school grades. Coefficients of correlation ranged from

.16 for card sorting and vital capacity, to .71 for card sorting and

card dealing. The correlations of card soiling with school grades
were .50 for the grade-school boys, .29 for the college men, and

.28 for the college wromen. It seems clear that card sorting is a lest

of learning for children to a greater extent than it is for adults.

The correlation between card sorting and tests of general intelli-

gence is slight, but is higher for children than for adults. Atkin-

son (2) administered the card-sorting test to thirty college students,

of whom eighteen were men and twelve women. The sorting box

contained thirty pigeonholes numbered to agree with the numbers on

the cards. There wrere 150 cards in the deck, and seventy-five trials

wrere given, distributed over twenty-five practice periods. Correla-

tions were calculated between each of the practice periods and scores

on the Army Alpha Test. With the exception of the first practice

period, which gave a correlation of .39, the coefficients ranged from
.10 to .11. Garrison (19), who gave the card-sorting test along

with the Otis Self-Administering Test of Mental Ability to sixty

college students, obtained a correlation of .02. In the Minnesota

investigation (36) the correlation between card sorting and an aver-

age of Otis LQ. and Army Alpha I.Q. was .15, the subjects being
217 boys. Ruch (44), who worked with grade-school children, has

obtained results that are quite similar to these. Ruch instructed fifty-

two pupils in the seventh, eighth and ninth grades to sort 100 cards

bearing unfamiliar designs into ten compartments. Five trials daily
were given for nine days, and the results correlated against Stanford-

Binet mental age. For the first trial only the correlation was .33,

when variability arising from chronological age differences was held

constant. The correlation of the average of the first five trials, i.e.,

the first day's work, with M.A. was .18. The correlations of card

sorting and mental age for the succeeding nine days ranged from
.02 to .16. Except for the first trials, which apparently re-

quire a certain degree of intelligent adaptation, it appears fairly
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certain that, even for children, the card-sorting test is not signifi-

cantly related to measures of abstract intelligence.

Several studies have been made of the relationship between card

sorting on the one hand and vocational skill and special aptitude on

the other. Link (31), in his study of the inspecting and gauging of

shells (see p. 39 ), used a card-sorting test. The pack to be sorted

contained forty-nine cards, each card bearing from seven to twelve

letters. Twenty of the forty-nine cards contained the letter 0. S was

asked to sort the cards into two piles, putting into one pile cards

which contained the letter 0, and into the other those which did not.

Scoring was in terms of time and errors. The correlation between

vocational efficiency and card sorting was .55, for fifty-two inspec-

Figure 15 CARD SORTING Box

tors; and .05 for twenty-one gaugers. This is an interesting finding.

It appears that the functions involved in card sorting are fairly

closely related to the work of inspecting shells, which demands

quickness of movement and hand-eye coordination; but not to gaug-

ing in which precision, rather than speed and coordination, is

stressed.

The card-sorting test has been used for many purposes. The test

has been employed by Baldwin and Stecher (3) in studying the

effects of practice; and by Peterson and Barlow (37), by Ruch (43/,

by Gates (21), by Atkinson (2), and by Crafts (11). These studies

have dealt with die effects of practice upon individual differences

(Peterson and Barlow) ;
with the correlation of initial and final

capacities (Ruch) ;
with speed of response at the various stages of

learning (Atkinson) ; and with the learning process involved in card

sorting (Gates and Crafts). Pyle and Snadden (41) have used the
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card-sorting test in studying the learning processes of bright and

dull children. Obviously, the test lends itself readily to a wide variety

of uses. It is possible to use many forms of sorting. Jones (29), for

instance, used colored pegs which were to be sorted into glasses.

Marbles, stones, sticks, tags and many other objects have been so

employed.
The reliability of the card-sorting test will depend directly upon

the length and difficulty of the task. In a recent study by Tinker,

Imm and Swanson (50) sixty cards, fifteen in each suit, were to be

sorted into four boxes. For a group of forty-five university students

of both sexes, the reliabilities of the sorting test from trial to trial

and from day to day ranged from .81 to .96. When corrected for

attenuation, these reliabilities ranged from .90 to .98. In the Minne-

sota study (36) in which a simpler test was employed, namely,

sorting red and blue cards into two compartments, a lower relia-

bility of .72 was obtained.

Test 3. Card Sorting

Apparatus: Sorting box containing compartments suitably marked to

agree with the markings upon the cards to be sorted; set of cards.

(See Figure 15,) A number of sorting boxes are made by the C. H.

Stoelting Company, Chicago, Illinois.

Method: Give S the pack of cards, and explain that each card has a

marking which corresponds to a marking upon one compartment of

the sorting box. Instiuct S to begin when the go signal is given and to

place each card in its proper compartment as rapidly as possible. Allow

a time limit, or stop S after a given interval has passed.

Record: The score is the number of seconds taken to complete, if the

work-limit method is used; or number of cards sorted, if the time-limit

method is used. Errors, consisting of placing cards in wrong compart-

ments, may also be reported and allowance made in the score.

Norms: The norms given in Tables XIII and XIV are from Pyle (40)

and from Dewey, Child and Ruml (16). Other results secured with card-

sorting tests may be found in Woolley (58) and Cornell (10).

4. The Wallin Peg Boards

These simple tests devised by Wallin (52) are well adapted for

use with pre-school children, to whom, according to Stutsman (48),

they are exceedingly interesting. The Peg Board Tests consist of

four boards, each of which contains six holes into which pegs are

to be fitted by the child. Board A is for round pegs only, Board B
for square pegs, Board C for three round and three square pegs, and
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TABLE XIII

CARD-SORTING TIME (ADULTS)

In column 1 are the averages of actual scores in seconds for each sorting In column 2
are the reciprocals of the actual scores. In column 3 is shown the number of cards sorted
per minute The number of subjects was twenty-four, the number of pigeonholes, twenty
the number of cards 100. (From Pyle [40] )

Trials (1) (2) (3) Trials (1) (2) (3)

TABLE XIV

CARD-SORTING TIME (CHILDREN)

Average Time in Seconds Required to Sort Forty-eight Cards into Four Compartments

(From Dewey, Child and Ruml [16])

Boys

Age ... 9 0-9 9 10 0-10 9 11 0-11 9 12 0-12.9 13 0-13 9

Girls

Age 90-99 10 0-10 9 11 0-11 9 12 0-12 9 13 0-13 9

Mean . ... 54 44 91 51 9 * 1 3 51 2 * 1 1 46 80 * 85 42 60 * 63

S D 9 18 * 64 13 00 * .91 11 10 * 78 8 85 * 60 6 62 * .44

Board D for two round, two square, and two triangular pegs. All

of the boards require simple motor coordination, while the last two

involve, in addition, simple form discrimination. Boards A and B

form part of the Merrill-Palmer Scale of Tests for young chil-

dren (48). Baldwin and Stecher (3) include all four boards in their

series of tests for motor control and form perception.

A comprehensive study of the Peg Board Tests has been made by

Goodenough (22), who worked with 300 children, two, three and

four years old. There were 100 children (fifty boys and fifty girls)

at each age level. The children were given the four Peg Boards and

the Kuhlmann Revision of the Binet Tests. The reliability of the
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peg boards, as determined by retests after six weeks, varied with

the age of the group, being .79 for age 2, .69 for age 3, and .58

for age 4. Correlations between the separate peg boards and M.A. are

reported by Goodenough as follows:

Board Age 2 Age 3 Age 4

A. 46 29 37

B 47 39 28

C . 42 40

D .. 42 .48

The average correlation of the four peg boards with Kuhlmann-

Binet Mental Age was .51 for single-year age groups. These tests

involve general intelligence as defined by the Binet M.A., but it is

clear that they also draw upon other functions to a greater degree.

Stutsman states that the peg-board performance gives valuable clues

to die personality of the child (48), while Goodenough is of the

opinion that the tests are related to mechanical aptitude. The tests

are easy to give and to score and there is apparently no difference in

the peg-board ability of children from different social and economic

levels. Age norms for boys and girls are given for the Peg Board

Tests by Goodenough (22) and by Hallowell (25).

5. Hand Test

This test was devised by Thurstone (45) and has been used with

some modification by Squires (47). It is a sub-test in the Princeton

Universal Scale of Performance Tests. The material consists of a

series of drawings made of the right and left hand in various posi-

tions. The subject is required to indicate whether the right or left

hand is represented by the drawing. Thurstone's original test con-

tained forty-nine drawings, while Squires' series had thirty-seven,

seven of which were for practice. Scoring is in terms of the number
of hands correctly indicated; and the time taken to complete the test

is also recorded. Thurstone has given the test to 238 men and 114
women college students, and percentile norms for this group are

given by Bronner, Healy, et aL (4).

Squires has tested fifty seniors at Princeton University with the

Hand Test and has correlated these scores with general intelligence
tests. The correlation between number right on the Hand Test and

intelligence test scores was .10; and when time was used as the score

the correlation was .24. This test would probably be useful if

included in a battery of tests designed to measure spatial perception.
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6. Minnesota Spatial Relations Test

The Minnesota Spatial Relations Test (36) has been designed

especially to measure space perception. This test is a modification

and extension of a test devised by Link (31). Link's test consisted

of two boards in which depressions of various sizes and shapes were
cut. Into these depressions blocks were to be fitted by the subject.
Some pieces were very different in shape, while others were almost

alike, differing slightly in size only. Link's test was used in the

preliminary work of the Minnesota study of mechanical ability.

Three trials were given for each board and the performance scored

in terms of time and errors. An error was defined as an attempt to

fit a block into the wrong depression. In a group of 217 junior-high-
school boys the reliability of dais test (first trial omitted) was found

to be .60. Its correlation with the combined shop criterion score

(actual performance in shop work) was .36 for the two boards to-

gether and .44 for the longer of the two boards. In order to secure

higher reliability the Minnesota workers increased the number of

boards from two, each with nineteen items, to four, each with fifty-

seven items. This lengthening of the test raised the reliability to ,84

and its correlation with quality of work in shop courses to .53.

The intercorrelations of this test with some of the other tests used

in the Minnesota study are given in the following table (36).

N = 100 SEVENTH- AND EIGHTH-GRADE BOYS

Correlation of Spatial Relations Test with r

Card Sorting . 27

Packing Blocks . . 42

Paper Form Board . . 72

Steadiness . .
- 01

Stenquist Picture Test I . 48
Minnesota Assembly Test ... . . . 63

The highest correlation is that of the Minnesota Spatial Relations

Test and the Paper Form Board Test, which is clearly a measure of

complex spatial relationships. The positive correlation of the Spatial

Relations Test with Card Sorting and Block Packing probably arises

from a common manipulative element in these tests. The correlation

of the Spatial Relations Test with Steadiness is zero, as might be

expected from the diverse character of the two measures.

The relationship of the Minnesota Spatial Relations Test to meas-

ures of general intelligence is low, the correlation with Otis LQ.

being .18. A somewhat surprising result obtained by the Minnesota

investigators was the superiority of seventh-grade girls over seventh-
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grade boys in the Spatial Relations Test, since boys are usually su-

perior in manipulative motor tests. For university students the

superiority was in favor of the men. Engineering students were

slightly inferior in this test to students in the college of liberal arts.

This rather surprising result indicates the probability that engineer-

ing students do not possess greater native ability to visualize spatial

relations than do academic students.

7. Wiggly Block Test

This test is a combined form-board and construction test. It was

devised by O'Connor (34), who called it a "work sample" rather

than a test. The test as shown in Figure 16 consists of a block of wood

sawed into nine wavy pieces. When assembled the block contains

three layers of pieces, three in each layer. In 'giving the test the

block is taken apart and the pieces mixed up in certain prescribed

ways. The subjects are then told to reconstruct it. The reliability of

the test as reported by O'Connor is .36 (first trial against second

trial). This is, of course, extremely low, but O'Connor seems to

regard the test as fairly reliable since its correlation with another

form board, devised by Kent (34), was .76. It should be pointed
out that such a correlation is not a measure of reliability, but indi-

cates simply that the Wiggly Block Test measures much the same

function as other form boards. O'Connor assigns a weighted score to

each trial with the Wiggly Block Test, in order to make succeeding
trials comparable to the first. Three trials are given and scoring is

in terms of time.

It is difficult to say just what the Wiggly Block Test measures.

O'Connor considers it to be a measure of the ability "to visualize

three-dimensional structure," and has used the test as a measure of

mechanical aptitude. Its correlation with other form boards, however,
makes it seem probable that the test is measuring discrimination and

manipulation, primarily, and for this reason it was included in this

chapter rather than in Chapter II.
1 O'Connor has given the Wiggly

Block Test to about 4,000 men, including mechanics, engineers,

draftsmen, machine tenders, etc. It was found that 82 per cent, of

the engineers scored above the median for the whole group; that 75

per cent, of the draftsmen, and 71 per cent, of the mechanics also

made scores above the median. On the other hand, the majority of

the machine tenders were below the median and none of them fell
1
Part One. Chapters in Part Two are indicated by italics.
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in the upper 25 per cent, of the distribution. O'Connor concludes

that the ability measured by the Wiggly Block Test is not needed in

Figure 16. O'CONNOR WIGGLY BLOCK TEST

machine tending. All machine tenders who graded A on the test were

later advanced to the position of mechanic.

O'Connor lists a number of occupations requiring mechanical

aptitude which he believes may be successfully undertaken by those

who grade A or B in the Wiggly Block Test. The assumption made
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is that these types of work depend upon the same abilities which

are measured by the test. Evidence for the validity of the test as a

measure of mechanical ability is not sufficiently complete to justify

the author's conclusion; but practical results do indicate that there

is enough real value in the test to justify its further study. De-

tailed instructions for administration of the test are given by
O'Connor (34).

8. Minnesota Paper Form Board

The Paper Form Board is one of the Minnesota Mechanical Ability

Tests. It is included in this chapter because it deals directly with

form and with two-dimensional space perception (36). Originally the

test consisted of thirty problems resembling those in Test 7 of the

Army Beta examination (59). Each problem consists of a large

geometrical figure into which a number of smaller figures are to be

fitted. This is accomplished by drawing lines in the large figure so

as to reproduce the smaller ones, and fill up completely the space

in the large figure. (See Figure 17.)

The test consists of two forms of fifty-six items each, the relia-

bility of a single form being .90. Scoring is in terms of the number

of correct solutions. The correlation of the Paper Form Board with

the quality criterion of mechanical ability employed in the Minne-

sota experiments was .52; with a manual-training information test

.57; and with a combination of quality of work and information .65.

These correlations show that the Paper Form Board Test should be

useful as a member of a battery of tests designed to measure

mechanical ability.

The correlations of the Paper Form Board with other tests used

in the Minnesota experiments throw some light upon the functions

probably measured by this test. The correlations of the Paper Form
Board with Card Sorting (.16) and with Packing Blocks (.17) are

to be contrasted with its correlations with Spatial Relations (.72)
and with the Minnesota Assembling Test (.53). Card Sorting and

Packing Blocks have correlations with the Spatial Relations Test

(viz., .27 and .42), which are higher than the correlations of these

tests with the Paper Form Board. This is probably due to the fact

that the Paper Form Board does not require actual manipulation
and motor coordination as does the Spatial Relations Test. At the

same time, however, there is a substantial community of function
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Minnesota Paper Form Board Test Series A.

Name.-

School

, Month and Year of Birth .

Class. . ---

D

MEChANfC^L ABILITIES PKOJECT
OF PSYCHOLOGY

Figure 17. MINNESOTA PAPER FORM BOARD TEST

(Specimen page)
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between the Paper Form Board and the Spatial Relations Test, al-

though the one deals with abstract and the other with concrete

relations.

The correlation of the Paper Form Board Test with I.Q. as deter-

mined from the Otis S.A. Test was .53 in a group of 100 boys. This

is to be contrasted with the correlation of .18 between the more

manipulative Spatial Relations Test and Otis LQ. in the same group.

The substantial relationship between Otis LQ. and the Paper Form

Board is owing probably to the fact that the Otis Test contains many
elements which involve numerical and spatial relations. With a more

verbal test of general intelligence the correlation of the Paper Form

Board would be extremely low. Anastasi (1), for example, obtained

a correlation of .07 between the Paper Form Board and a difficult

vocabulary test in a group of 225 college men. In the same group
the correlation of the Paper Form Board with arithmetic reasoning

was .30.

There is a slight superiority of men and boys over women and

girls in the Paper Form Board Test. This difference is found in the

seventh grade as well as in the university, although it is not large

enough to be statistically significant.

9. Witmer Cylinder Test

This is a performance test which calls for form and space percep-

tion of a high order. The test (Figure 18) consists of a circular block

of wood in the outer edge of which are cut eighteen depressions of

different depths and diameters. The subject is asked to fit cylinders

into these depressions. Since these cylinders differ in height and in

diameter, the test is more difficult than the ordinary form board.

Witmer is of the opinion that the test measures planfulness, analytic

ability, and sustained attention.

The Cylinder Test was standardized by Paschal (35) upon a group
of 1,221 men and boys and 1,009 women and girls. Paschal has

stressed the usefulness of the test in the study of qualitative differ-

ences in performance. He writes, "qualitatively the first trial tests

ability to make an adaptation to a new problem, and is sufficiently

complicated as to permit the differentiation of subjects especially in

the years of childhood." The test has found wide use in psychological
clinics.

Paschal found a steady decrease in time required to complete the
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test with increase in age up to adulthood. According to this author
the shortest of three trials is the best index of "psychomotor ca-

pacity." In support of this conclusion, he points to the fact that such
scores give higher correlations with proficiency in shop trades than
do other methods of scoring. Some of the correlations reported with

the Cylinder Test are decidedly high, as, for example, the correla-

tion of .69 between the Cylinder Test and tailoring, and .72 between
the Cylinder Test and shoe-making. Males are consistently superior
to females on this test.

Figure 18. WITHER CYLINDER TEST

While the Cylinder Test was not intended to be primarily a meas-

ure of abstract intelligence, its correlation with intelligence tests is

fairly high. Johnson and Schriefer (28), in a group of eighty-six

children three to ten years old, report a correlation of the Cylinder
Test with Stanford-Binet M.A. of .58; and with Pintner-Paterson

Median Mental Age of .67. These correlations are probably some-

what "inflated" because of the wide age range, but they serve never-

theless to demonstrate considerable overlap in the abilities measured

by the Cylinder Test and the general intelligence batteries.

There are many tests of perception and attention which have not

been included in the present chapter. We have tried to present, how-

ever, tests which are useful in the comparison of individuals, and in

the study of the relation of perception and attention to other types

of performance. Precise measurements of the fineness of discrimina-

tion (using weights, brightnesses, areas, tones, and so forth) by
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means of the psycho-physical methods have not been included. Such

measurements clearly involve perception and attention, but they are

adapted to laboratory use rather than to the broad study of individ-

ual differences. Also, performance tests, such as form boards, and

picture-completion tests, have been emitted, although such tests

clearly measure perception and attention. These tests, however, have

usually been included in batteries designed to measure general abil-

ity as shown in concrete performance. Hence they will be found in

Chapter //, which deals with non-language and performance tests of

general intelligence. Many individual tests of perception have been

described by Schieffelin and Schwesinger (45), by Bronner, Healy,
et aL (4), by Whipple (55), by Stutsman (48), by Pintner-Paterson

(38) and by Whitley (56).

The tests described in this chapter may be purchased from the C. H. Stoelting Co.,

Chicago, Illinois, or the Marietta Apparatus Co , Marietta, Ohio.
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CHAPTER IV

TESTS OF LEARNING, ASSOCIATION AND MEMORY

THE terms learning, association and memory describe interrelated

activities which overlap so frequently that their separation for pur-

poses of testing is often more a matter of convenience than of reality.

Differences in the object or purpose of tests designed to measure

these functions, however, can usually be drawn faiily definitely.

Tests of learning attempt to measure S's ability to form new associa-

tions and to acquire new facts through active effort. Tests of asso-

ciation are concerned with the efficiency, i.e., the speed and accuracy,
with which associations already formed can be reproduced or made
to function. Such tests, therefore, deal with facts which have already
been learned. Memory tests, in contradistinction to tests of learning
and association, are measures of how accurately material which has

once been presented can be recalled or recognized either immediately
or at some future time.

Certain representative tests which have been designed primarily to

measure learning or association or memory will be presented in this

chapter. In most instances the distinctions among such measures are

fairly closely adhered to, and the primary function of the test can

be rather readily recognized. Oftentimes, however, it is almost im-

possible to label a test definitely as a measure of memory or associa-

tion or learning. In such cases, the test has been classified somewhat

arbitrarily, perhaps, where it seemed to fit best.

TESTS OF LEARNING

In the following sections, tests of learning have been arranged
under two headings. In the first category are those tests which re-

quire the formation of designated associations or connections among
words, numbers or other symbols (i.e., "ideas"). These tests are

sometimes described as tests of ideational learning. In the second

category are tests in which associations between movements, as well

as between movements and ideas, are required. These are often
92
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called tests of sensory-motor learning, since in their performance
sense perception as well as speed and precision of movement play

important roles.

The tasks set by learning tests may seem at fhst glance to be so

different from learning mathematics or learning how to play chess

or how to run an automobile that the student may well wonder why
psychologists have ever devised such measures. The reason is that

the processes involved in the performance of these te^ts are basically
the same as those operative in many everyday learning situations.

Learning involves essentially the orderly linking together of ideas or

movements, or both. By simplifying this process and by cutting away
to a large degree the factor of experience, the test of learning enables

one the more easily to make comparisons between individuals or

between groups of widely different attainments, or of widely differ-

ent backgrounds.

I. IDEATIONAL TESTS

1. Substitution Tests

In these tests S is required to substitute one set of characters (num-

bers, letters, geometrical forms, etc.] for another set in accordance

with the instructions given in a "key." The associations are not

learned all at once, but are gradually acquired as a result of active

repetition and effort. A familiar form of the substitution test (82),

shown in Figure 19, requires the placing of digits in geometrical

forms. Each of the five geometrical forms printed at the top of the sheet

contains a single digit. Below this row of numbered forms (called the

"key") are the same five geometrical forms repeated twenty times

each (making 100 in all) and arranged in chance order. These 100

forms are unnumbered. S's task is to write within each of the unnum-

bered forms the digit found in the corresponding geometrical form in

the key. S learns as he goes along, i.e., he gradually comes to link

each form with its appropriate number until finally he no longer has

to refer to the key. In other forms of substitution learning, S is re-

quired to replace digits by letters, letters by symbols, or to write a

paragraph in code. A code test has been placed in the Stanford-Binet

scale at the adult level, and a modified code test was employed by

Ruch (62) and by Dearborn and Lincoln (16). Foster and

Tinker (18) give a list of thirty Turkish-English equivalents which
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may be used as a substitution learning test. Several ingenious learn-

ing tests which involve the association of symbols of various sorts

will be found in Bronner, Healy, et al. (7).

Figure 19. WOODWORTH-WELLS DIGIT-SYMBOL SUBSTITUTION TEST

In a somewhat different kind of substitution test devised by Thur-
stone (7), S is given a list of 600 letters, arranged in thirty columns,
each letter followed by a dash. These letters are the initials of twenty
words printed at the top of the sheet. S's task is to write the last letter
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of the correct word next to each initial letter. Learning is measuied by
the quickness with which the subject is able to make the proper
combinations as he goes through the sheet.

2. Rational Learning Test

The rational learning test was devised by Peterson (52), who
considers it to be a test of intelligence as well as a test of learning.
The student is required to learn associations between certain desig-
nated numbers and letters as quickly as possible. The task is as fol-

lows. The letters A to J, inclusive, are numbered in random order

from 1 to 10, the number of each letter being unknown to S. The

experimenter calls out the first letter A, and instructs S to guess
numbers until he guesses the right one for A. The experimenter then

says "right," and calls out the next letter, B. S again guesses num-
bers until he hits upon the "right" one for B. The process continues

until S gets each number right twice in succession through the series

from A to J. S's performance is judged by (a) the total time taken,

(b) the number of errors he makes, and (c) the number of repetitions

from A to J required. A sample of the experimental set-up is shown

below. A.BCDEFGHIJ6285 9 10 4731
S is left free to adopt whatever method of learning he finds best.

The nature of the learning task is indicated to some degree by the

types of errors made by the subjects. Peterson distinguishes three

classes of errors: (a) Logical errors, or the repetition of numbers

which have already been used for earlier letters of the series and

which could not, according to the conditions of the experiment, be

correct; (b) perseverative errors, or repetition of numbers already

guessed incorrectly for the letter in question, before the correct

number is found; (c) unclassified errors, which include all other

types. An incorrect response may be given three error counts, since

it may fall into all three classes of errors. This test may be made

more difficult by increasing the length of the letter series.

3. Modified Form of the Rational Learning Test

An apparatus for administering the rational learning test has been

designed by Haught (29). This apparatus consists of a board twenty

inches square, through which are put 100 bolts arranged in ten rows,

ten bolts in each row. The rows are lettered from A to J, and the

bolts in each row are numbered from 1 to 10. One bolt in each
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row is connected electrically so that a bell rings when the bolt is

touched by a metal stylus. S begins with row A and finds by suc-

cessive trials the bolt in that row that will ring the bell. He then

goes on to the next row, and so on through to row J. S repeats the

process until he is able to go from row A to row J twice in succession

without error, i.e., without touching any bolts except those which

ring the bell.

4. The Mental Maze
The mental maze, also designed by Peterson (50), is in principle

closely allied to the rational learning test. S is shown a drawing like

that in Figure 20 and is given the following instructions. "This draw-

Figure 20 PETERSON MENTAL MAZE

ing is a drawing of a maze. Let us suppose that you are at the begin-

ning, 1, and want to get through to the goal. Where would you go if

the lines are paths? We shall see how this maze works out and then

you will go through another just like it. Let us begin at 1. 1 shall call

out two numbers for the first two paths and you are to choose one
of them. Then I shall call out two more numbeis and you must choose
one of them, and so on until you reach the goal." The subject learns

that choosing the "right" number gets him farther along in the maze,
while choosing the "wrong" number is counted an error. The pro-
cedure may be varied by using words instead of numbers, S being
required to guess the "right" word of the pair. When S is able to

reach the goal twice in succession without error, the task is finished.

The test is scored in terms of minutes taken in learning, number of
errors made, and number of repetitions required. A maximum time
limit of forty minutes was set by Peterson.

5. Results Obtained with Ideational Learning Tests

(a) The Relationship of Ideational Learning to General Intelli-
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gence and to Other Capacities. Icleational leaining tests have been
studied in connection with many other functions, but perhaps the

relationship of such tests to measures of geneial intelligence has been

of greatest interest to investigators (14). In the case of children, the

relation of learning tests to measures of general intelligence is fairly

high, since to children such tests offer a real task. Ideational learning
increases directly with age. The improvement in substitution learn-

ing with age, for example, is clearly shown in Table XV (p. 100
j ;

and Willoughby (79), who administered a digit-symbol test to 300

subjects ranging in age from six to sixty-eight years, found a sharp
increase in score up to age twenty, followed by a gradual decline

thereafter.

Willoughby (79) has reported a correlation of .66 between I.Q.

and substitution learning in a group of sixty-four children, ages 12*0

to 13^. The learning test was the digit-symbol test in Army Beta,

while the I.Q.'s wrere computed from a battery of nine tests which

included opposites, arithmetic reasoning, vocabulary, analogies, etc.

Willoughby's correlation of .66 is somewhat too high, since the bat-

tery of tests from which he obtained the I.Q.'s included the substitu-

tion test; but even allowing for this spurious factor, the relationship

would still be substantial.

Ruch (62) administered a code substitution test to sixty-six chil-

dren in grades 7, 8 and 9, the average chronological age of the group

being fourteen years. The test consisted of translating a chapter of

Oliver Twist from code into English; and another chapter from

English into code. Daily practice for ten minutes on each kind of

translation was given over a period of ten days. These daily scores

were then correlated with the children's M.A.'s, obtained from the

Stanford-Binet. The results were as follows: for translation into

English the correlations with I.Q. ranged from .61 to .70; for trans-

lation into code from .51 to .67. The size of these coefficients was not

changed appreciably when age variability was allowed for by partial

correlation. Peterson and Lanier (55) have reported a correlation of

.37 between a group form of the Stanford-Binet and the rational

learning test in a group of 107 twr

elve-year-old white children. The

scores on the rational learning test were based upon time, repetitions

and number of errors. In the same group the correlation of the ra-

tional learning test and scores in the Myers Mental Measure was .53.

The correlations between ideational learning tests and general in-
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telligence scores are considerably lower for adults than for children.

A correlation of .01, for instance, has been reported by Garrison (22)
between the Otis Self-Administering Test and a number-letter sub-

stitution test, in a group of sixty college students. Peterson and

Lanier (55), who gave a digit-symbol test to 130 white and seventy-

seven Negro college students, obtained correlations of .22 for the

whites and .19 for the Negroes between this test and the Otis Self-

Administering Test. Garrett (19) obtained a correlation of .09 be-

tween the Thorndike Intelligence Examination and the digit-symbol

test in a group of 158 college men. In the same group, the correlation

of the Thorndike Intelligence Test with a Turkish-English vocabulary-

substitution test wras .37, and with a code-learning test .31.

Fisher (17) administered the Army Alpha along with a test in which

digits were to be substituted for five geometrical forms, to eighty-

three men and boys and seventy-four women and girls, selected from

a larger group. The correlations of substitution-learning and Army
Alpha were .34 for the males and .20 for the females. These r's are

probably somewhat high because of the wide age range.

The rational learning test (53) is more closely related to general

intelligence test scores in the case of adults than is the simple substi-

tution test. This is probably owing to the fact that rational learning

requires more concentrated effort and is a more difficult task. Gar-

rison (21) has reported a correlation of .51 between Army Alpha
and the rational learning test in a group of forty college men.

Haught (29), who gave the modified rational learning test to seventy-

four college freshmen and sophomores, obtained a correlation of .47

between error scores in rational learning and Stanford-Binet M.A.

In a group of 119 white children, Peterson and Lanier (55) ob-

tained a correlation of .27 between rational learning time and the

mental maze time; while in a group of eighty-six Negroes the cor-

relation of the same two tests was .33. Though similar in form, these

tests seem to be fairly specific in function. These authors made

comparisons of white and Negro children upon the rational learning
test in Nashville, Chicago and New York. An interesting finding was

the fact that the white children, although superior to the Negroes in

the first two cities, were inferior to them in the third, thus suggesting

strongly the operation of selective factors. The correlations of the

Stanford-Binet with the rational learning test ranged from .33 to .46
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in the white and Negro groups, the differences between the correla-

tions found in the two groups being slight.

(b) Effects of Practice. An interesting study of the change in

the character of the substitution learning task with practice has been

reported by Atkinson (4). Over a period of twenty days, thirty

college students were required to practice on the following tests: a

number-code substitution test; a speed of writing test, in which the

subject wrote all the numbers he could in one minute; silent counting
from 1 on, until time was called. The correlations between substitu-

tion and speed of writing rose from .30 in the first trial to .83 in

the twentieth trial. This indicates that, with continued practice, sub-

stitution learning (for adults at least) becomes largely a matter of

speed of writing. Atkinson also correlated the daily record of his

subjects in the number-code test with Army Alpha scores. The cor-

relation between Alpha and the first day's practice in the code was

.70; while the correlation between Alpha and the twentieth practice

period in substitution was .49. This drop in correlation with practice
in substitution probably resulted from the fact that with constant

repetition the code test becomes more and more a matter of mechani-

cal writing speed.

(c) Reliability. The reliability of ideational learning tests is,

in general, quite high. In the Minnesota Study (49) the self-

correlation of the digit-symbol test was .78 in a group of 217 junior-

high-school boys. Carothers (11) has reported a reliability of .70

for the Woodworth-Wells number-form substitution test in a group
of forty-five freshmen women. A higher reliability for the Whipple

digit-symbol test was obtained by Lemmon (39), who found a retest

reliability of .95 in a group of ninety-two college men. Garrett (19)

obtained reliabilities of .95, .91 and .85 for the digit-symbol,

Turkish-English vocabulary and code-learning tests, respectively, in

a group of 158 college men.

The reliability of the rational learning test was investigated by
Peterson and Lanier (55). In a group of forty-nine college students

who were given two forms of an eight-letter test, the reliability of the

time scores was .75; of the repetition scores .60, and of the error

scores .70. The reliability of the whole test when time, repetition and

errors were combined with equal weight was .67. In another study,

Peterson (51) has reported the reliability of the error scores in ra-

tional learning to be .92 in a group of 100 college students.
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Test 1. Digit-Symbol Substitution Test

Material: Whipple's digit-symbol
1

test blanks; stop-watch. Test blanks

may be procured fiom the C. H. Stoelting Company, Chicago, Illinois.

Method. This test may be used eithei foi individual or for group test-

ing. Place a blank face down before S and instruct him as follows:

"At the top of the sheet are nine circles, each circle containing a num-
ber and a figure. Below this key you will find rows of numbers. The
first row of numbers, for instance, is 8 4 9 7 6. The first number is 8,

and in the circle above which contains an 8 you will find an X sign.

Write an X sign in the first square. (If the test is being given to chil-

dren E should demonstiate on the blackboard.) The next number is 4.

In the circle containing a 4 you will find an 0. Put this in the next

square and fill in the other three squares in the same way by referring

back to the key. Take the rows in order and work down the page. When

you finish the first half go on to the second half. Work as rapidly as

you can without making mistakes and do not skip any. When I say go

begin at once, and stop -when I say stop." Five minutes should be

allowed between the go and stop signals.

Record: The score is the number of correct substitutions made in five

minutes. Errors may be taken into account by subti acting 1 to 2 points
from the score for each error. If the test is given by the work-limit

method, S is allowed to finish and his score is the tune taken to complete.
Noirns: Table XV gives the average (smoothed) scores made by children

in the digit-symbol test. The time allowance was five minutes. These

data, taken fiom Pyle, are based upon nearly 8,000 cases.

TABLE XV
NUMBER OF SUBSTITUTIONS MADE IN FIVE MINUTES (DIGIT-SYMBOL

TEST)

(from Pyle [57])

In the Columbia Laboratory the following results have been obtained

with the digit-symbol test. S's were men and women; and the time limit

was four minutes N = 52, Average = 146.93 and S.D. = 30.09.

1 The symbol-digit blank may also be used.
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II. SENSORY-MOTOR LEARXING

1. Maze Tracing

Paper and pencil mazes have been widely employed as measures

of general intelligence and of learning capacity (56) and for study-

ing hand-eye coordination and voluntary control (77). In the experi-

mental study of human learning the mazes employed have been usu-

ally stylus or finger mazes, in which the subject (usually blindfolded )

is required to trace through the grooves of the maze with his finger

or with a stylus. (See Figure 21.) The subject is given trial after trial

Figure 21. STYLUS MAZE (KLINE)

(Reproduced by courtesy of the C. H. Stocking Co.)

until he succeeds in traversing the maze several times in succession

without error. Besides error scores, repetitions and time scores are

usually kept.

Carr (12) has devised a stylus maze containing invisible stops so

that the subject cannot distinguish the pathways from blind alleys by

visual means, and in which, therefore, it is unnecessary to hide the

maze from sight.

An interesting type of maze, the high-relief finger maze, has been

devised by Miles (42). In this maze the pattern to be traced by the

subject is constructed of wire fastened to a board. The subject runs

his finger along the wire instead of drawing the stylus through

grooves or slots. A description of stylus mazes has been given by

Knotts and Miles (36).
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2. Mirror Drawing
The mirror-drawing test has been much used in the study of trial-

and-error learning. In this test (see Figure 22) the subject is required

to trace a figure, e.g., a star or a circle, which is visible to him only

in the mirror. The reversal of his ordinary habits reduces the subject

to trial-and-error learning, as there can be little ideational control.

Learning is measured by the number of trials necessary before the

subject is able to keep his pencil upon the outline of the figure to be

traced, or, if the double line star is used, to keep his pencil between

the guide lines. Mirror drawing has been used by Snoddy (65) and

by Starch (68) in studying the acquisition of motor habits and trial-

and-error learning. Snoddy constructed a double star of brass which

was to be traced with a metal stylus. The star outline was so wired

Figure 22. MIRROR DRAWING TEST (WHIPPLE)

(Reproduced by courtesy of the C. H. Stocking Co.)

that any contact of the stylus as it moved along between the double

lines was recorded on an electric counter. Burt (8), Calfee (9) and
others have used the mirror-drawing test as a measure of adapta-

bility and of learning, and have studied its relationship to general

intelligence and to other factors.

3. Card Sorting
The card-sorting test was described rather fully in Chapter III,

p. 75, as a test of perception. Its possibilities, however, as a meas-

ure of the effects of practice, the interference of conflicting habits,

and the speed of motor learning, were also stressed. The subject's
task is to sort a pack of cards into pigeonholes which bear markings,
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i.e., numbers, colors, etc., corresponding to the markings on the cards

themselves. Sorting arrangements may be changed from time to time

if the acquisition of new habits and the interference of old are to be

studied. The table given on p. 79, Chapter III, shows clearly the effect

of practice in speeding up the learning time on this test.

4. Results Obtained with Sensory-Motor Tests

(a) Relationship to General Intelligence Tests. In general, the

relation of simple sensory-motor tests to measures of verbal or ab-

stract intelligence is fairly low. Warden (74), who administered a

stylus maze to a group of forty college students, computed correla-

tions between speed of learning in the maze and scores in the Army
Alpha and Thorndike Intelligence Tests. In this group, the correlation

of Alpha with the stylus maze wras .37; and the correlation of the

Thorndike Intelligence Test with the stylus maze was .30. Peterson

and Allison (54) tested three groups of college students, fifteen in

each group, with a stylus maze. The experimental conditions were

different for the three groups. Group 1 was blindfolded throughout
the experiment. Group 2 was allowed to inspect the maze ten seconds

and then blindfolded. Group 3 was allowed twenty seconds for in-

spection of the maze before being blindfolded. The correlations of

the scores in maze learning (number of repetitions, number of errors

and time, combined with equal weights) with the Army Alpha exam-

ination were .17 for Group 1, .23 for Group 2, and .02 for Group 3.

This is an interesting result. The relation of maze tracing to Alpha
is negligible in all three cases. However, since inspection of the

maze for a fairly long period (Group 3) reduced the r to zero, there

is a suggestion that the novelty of the task may have been the only

reason why any correlation with Alpha appeared. Spence and

Townsend (67), using the high-relief finger maze, have studied the

relation of maze learning to intelligence test scores in a group of

twenty college men. The subjects were divided into two groups, ten

with high scores in the Thurstone Intelligence Test and ten with low

scores. Correlations of trials, errors and time with the intelligence

test scores ranged from .09 to .52, all of w7hich coefficients are

unreliable because of the small size of the sample.

Burt (8) has reported a correlation of .67 between teachers' esti-

mates of intelligence and mirror drawing in a group of thirty elemen-

tary-school boys. This high relationship has not been substantiated,

however, by other investigators. Calfee (9), for example, obtained
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correlations between mirror drawing and school grades of .07 in a

group of thirty elementary-school boys, .07 in a group of fifty-one

college men, and .19 in a group of fifty-two college women. Clin-

ton (13), in an extensive study of mirror-drawing ability, computed
correlations between ability in tracing a star pattern and measures

of general intelligence in groups of elementary, high-school and col-

lege students. These groups varied in size from twenty-six to eighty-

seven; and the correlations ranged from .38 to .27.

As already reported on pp. 76, 77, the card-sorting test has liltle

relation to measures of general intelligence. Dewey, Child and

Ruml's norms cited on p. 79 exhibit a steady increase in card-sorting

scores from nine to thirteen years of age.

(b) Relationship of Sensory -motor Tests to Tests of Other Abili-

ties. Calfee (9) has reported a series of correlations obtained be-

tween mirror drawing on the one hand, and card dealing, card sorting

and alphabet sorting on the other. The correlations, which ranged
from .06 to .37 in the groups of boys and college students described

above, seem to indicate that these abilities are fairly specific.

Pyle (58) has obtained a correlation of .53 between substitution

learning and card sorting in a group of ninety-three college students.

This fairly high correlation probably results from the fact that both

substitution and card sorting require quick perception and speed of

movement, as well as ability to form rather simple associations.

Starch (68) has shown that practice produces fairly rapid improve-
ment in mirror-drawing ability at first. This improvement becomes

less and less as time goes on, but continues over a long period of

time. Weidensall (75), who used a mirror-drawing test in a study of

delinquent and criminal women, found the delinquent women to be

slower and more variable than the normal, and to make more errors.

This author regards the test as a good measure of patience and

emotional control.

In the Minnesota Study (49) the correlation of digit-symbol learn-

ing with card sorting w
ras .45 (corrected for attenuation) in a group

of 217 boys; while the relation of card sorting to shop success was

.27 in the same group. There is general agreement (Pyle [59],
Calfee [9] and Clinton [13]) that boys are inferior to girls in card

sorting; but in mirror drawing the boys are superior up to about

age twelve. This last rather queer result is due probably to selection.

(c) Reliability of Sensory-motor Tests. The Minnesota investi-
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gators (49) obtained a reliability coefficient of .72 for their card-

sorting test. Husband (32), in a group of twenty college students,

obtained a reliability for the high-relief finger maze of .95. Scores

in the maze were in terms of errors made. Nyswander (47) has

studied the reliability of both stylus and high-relief finger mazes

using different methods of scoring results. Reliability coefficients

varied considerably according to the method used, being highest

(e.g., around .79) when scores on the odd-numbered trials were cor-

related against scores on the even-numbered trials, and the reliability

of the wrhole maze estimated by the Spearman-Brown prophecy
formula (20). Yoakum and Calfee (85) have reported a reliability

coefficient of .79 for the mirror-drawing test, when the first trial was

correlated against the second. This fairly high degree of correspond-
ence is considerably reduced by practice, the correlation between

trial 1 and trial 6 being .59. Practice in mirror drawing tends to

decrease individual differences, which may explain this drop in

correlation.

Test 2. Mirror Drawing
Material: Mirror-drawing outfit; single-line or double-line star blanks;

thumb tacks; stop-watch. Mirror-drawing apparatus and blanks may
be purchased from the C. H. Stocking Company, Chicago, Illinois.

Method: Place the star blank under the screen so that S can see it only
in the mirror. Fasten the blank down with thumbtacks in such a posi-

TABLE XVI

TIME IN SECONDS FOR MIRROR-DRAWING

Group I comprised thirty elementary-school boys, Group II, fifty-two women, and

Group III, fifty-one men in the freshman class of the University of Texas The averages
for each group in each trial are not here reproduced.

(Yoakum and Calfee, from \VhippIe [77])
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tion that the starting point indicated by the cross line is on the side

farthest away from S. Instruct S to place the point of his pencil upon
the cross line and to trace the outline of the star, moving his pencil

from left to right. Direct S to work as rapidly and as accurately as

possible. If the single-line star is used, S's task is to keep on the line;

if the double-line star is used, S's task is to keep within the two lines.

Give six trials, using a different blank each time.

Record: Keep a record of the time and the number of errors in each

trial. For the single-line star, an error is counted each time the subject

leaves the line; for the double-line star an error is recoided each time

the subject crosses one of the guide lines or touches one of them. Aver-

age the time and errors for the six trials; or take the time and errors

of the sixth trial as the subject's score.

Norms: Noims for the mirror drawing test, in terms of time, are given
in Table XVI.

TESTS OF ASSOCIATION

Tests of association are usually classified under two heads : those

which allow almost complete freedom in the subject's responses

(free association)., and those which place certain restrictions upon
the character of the subject's responses (controlled association). Free

association may be continuous, in which, for example, the subject is

asked to give all the wrords he can think of in three minutes; or

discrete, in which the subject is asked to respond with the first

word that comes to mind to each of a list of words presented by
the experimenter. In controlled association, restrictions of various

sorts are placed upon the subject's responses. He may be told, for

instance, to give tbe opposites of the stimulus words presented; or

a "whole" of which the stimulus word is a part; or some other condi-

tion may be imposed. Association tests have been employed to study

(a) "repressed ideas" (psycho-analytic), (b) personality differ-

ences, (c) the associations of the insane, (d) the effects of environ-

mental influences, (e) sex differences, and for many other purposes.

1. Free Association

(a) Continuous Method. A test of free association by the con-

tinuous method was placed by Binet at Year XII in his 1911 scale.

In this test the child is asked to name as many words as he can in

three minutes. A total of sixty words is considered to be a ten-year

performance. Terman (71), in his revision of the Binet Tests, placed
this test at Year X.

According to Terman, tests of free association by the continuous
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method measure not only the readiness of voluntary verbal responses
but the richness and variety of previous associations as well. Ter-

man's data (71) show that only 21 per cent, of the eight-year-old
children whose records were used in the standardization of the

Stanford-Binet Scale were able to pass this test, i.e.. name sixty words
in three minutes; by age twelve, however, 85 per cent, of the chil-

dren were able to pass die test. Bmet ( 70) states that young children

exhaust an idea by naming it; for example, if the association "hat'"

is given, children pass on "to another word without noticing that

hats differ in color, in form, have various parts, different uses and

accessories, and that in enumerating all these, they could find a large
number of words." In dull and low-grade children there is often ex-

treme poverty of association, with frequent repetition and much
hesitation. Abstract words are rarely given except by bright children.

When S writes, rather than speaks, his responses, the total number
of words is, of course, less for a given time. In Table XVII are given
the results of Pyle's studies (57), in which the number of words

written in three minutes by normal children have been classified by

age groups.

TABLE XVII

NUMBER OF WORDS WRITTEN IN THREE MINUTES FREE ASSOCIATION (CONTINUOUS
METHOD)

(From Pyle 157])

Boys

Age . 89 10 11 12 13 14 15 16 17 18 Ad.

No. 33 60 66 66 77 80 57 38 36 16 21 64
Norm 23.0 269 29.7 33.3 342 33.9 33.3 40.0 33.3 42.8 489 42.2
Av. Dev. 7.5 76 9.0 11.4 109 146 132 148 14.6 12.3 166 13.8

Girls

Age. ... 8 9 10 11 12 13 14 15 16 17 13 Ad.

No 37 82 88 65 90 66 61 16 46 38 29 86
Norm . . 23.7 31.0 322 36.8 366 383 39.1 40.2 40.9 41.6 47.1 38.3

Av. Dev. ..82 8.9 10.8 12.1 15.4 16 8 12.9 13.8 14.1 14.0 13 9 13.1

It will be noted that the average number of associations for boys,

as well as for girls, increases regularly from the eighth to the

eighteenth year. Among the tests which she gave to 200 women col-

lege students, Carothers (11) included a word-naming test, in which
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the task was to write as many words as possible in three minutes.

Carothers' results showed that the average number of words written

was 67.50_with a P.E. of 7.50.

Jastrow (33) has made an interesting study of the degree of com-

munity shown in the free associations given by men and women. He
found that words like book, table, man, etc., were given over and over

again, showing the tendency for ordinary thinking, like ordinary ac-

tivity, to deal with fairly commonplace things. Manchester (40), who

also compared the responses of men and women, reported that men's

associations tend, on the whole, to be more objective and less personal

than women's associations. This early work by Jastrow and Man-

chester has been repeated by Noh and Guilford (45) with essentially

the same result. The sex differences in association found in the later

study, however, wrere smaller than those previously reported. This

leads these authors to suggest that men and women may be becoming
more alike in their interests.

(b) Discrete Method. The most detailed experimental studies of

free association by the discrete method have been made by Kent and

Rosanoff (35). These authors compiled a list of 100 common words

which are shown in Figure 23. These words are read in order by the

experimenter, and the subject is instructed to reply with the first

word that comes to mind. S's reply is written down by the experi-

menter in the space provided on the test blank. Frequency tables

have been drawn up by Kent and Rosanoff (35), based upon^ the

responses to their 100 words given by 1,000 normal adults. From
these tables it is possible to compare the responses of an individual

with those given by Kent and Rosanoff's standard group. The first

word, for example, in the Kent-Rosanoff list is "table," to which,

from the frequency tables, we find that 267 normal adults gave the

response "chair." If an individual responds "chair" to the stimulus

word "table," therefore, his association has a frequency value of 267.

Kent and Rosanoff classified the responses given by their 1,000
normal subjects as common, i.e., associations which occur in the

tables; doubtful, i.e., associations which are grammatical variants

of responses listed in the tables, e.g., "table-inky" is doubtful since

only "table-ink" is found in the list for that stimulus word; and

individual, i.e., associations which are not found in the tables, and
hence were not given by any of the 1,000 normal subjects. Common
responses are usually divided into specific and non-specific. Thus
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Figure 23. FREE ASSOCIATION TEST (KENT-ROSANOFF)
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"hammei-nail" is a specific response, "hammer-large" non-specific.

Still another classification suggested by Kent and Rosanoff is that of

normal responses. It is clear that the responses gathered from even

LOGO normal persons cannot possibly cover all of the legitimate re-

plies; and hence Kent and Rosanoff (Appendix to their frequency

tables [60]) have given certain rules designed to indicate what

responses are to be considered ''normal."

It is interesting to compare the individual responses of Kent and

RosanofTs 1.000 normal subjects with the individual responses given

by 247 insane patients.

TABLE XVIII

RESPONSES OF VARIOUS GROUPS TO KENT-ROSAXOFF FREE ASSOCIATION TEST (60)

Only about 7 per cent, of the responses given by the normal group
were classified as individual, while 27 per cent, of the responses

given by the insane were so classified. This result demonstrates ex-

perimentally the existence of those peculiarities and eccentricities

which are often observed in the thinking of the insane. It will be

noted that young Negro children also gave a large percentage of

individual replies. It may be that such peculiarities of association

are direct outgrowths of the social restrictions and deprivations
which generally surround this group. There appear to be significant

qualitative differences between the responses given by the insane

and the normal. Kent and Rosanoff reported that the insane give
more incoherent and stereotyped replies; also that they frequently

give responses which rhyme with the stimulus word. Murphy (44)
has made an extensive study of the Kent-Rosanoff Test in- groups of

250 normal, 120 dementia praecox and eighty-two manic-depressive
individuals. Responses were carefully classified into thirteen cate-
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gories, such as contiguity, similarity, contrast, adjective-noun, etc.

Murphy found that the manic-depressive group tended to give more

rhyme and sound associations than did the dementia praecox group;
but no marked differences appeared between these groups in type
of association.

One of the earliest uses of the free association test as a means of

diagnosing emotional difficulties or '"complexes" was made by Carl

Jung (34). Jung's method was to present to his subject, or patient, a

set of stimulus words covering a wide range of topics. Some of these

words were selected so as to have emotional value for the subject.

These so-called "critical" words were mixed in with Jie indifferent,

or innocuous words. Critical words as used by Jung are illustrated by
the following: dead, sick, to pray, to fear, anxiety, to kiss, bride,

contented. The theory underlying the free association method as used

by Jung and by other psycho-analysts is that extreme embarrassment,

timidity, useless fears, worries, etc., when they occur in highly
nervous or neurotic people, generally center around forgotten or

little-understood emotional episodes in the person's life. Those words

in the list which "remind" the subject of these occurrences will tend

to provoke personal or highly emotional associations, often accom-

panied by laughter or by blushes. Long reaction time to a given
stimulus word, repetition of the stimulus word, or a refusal to re-

spond at all, are interpreted by the analyst as constituting an avoid-

ance of unpleasant associations called up by the stimulus word.

Such significant reactions are called "complex indicators" ; and it is

these responses that are followed up by the analyst in an effort to

relieve the patient's difficulties.

The time of response to the single items in a free association test

may be taken with an ordinary one-fifth-second stop-watch. Kent

and Rosanoff did not record the time of responses. Lengthened re-

sponses, however, may be important as indicators of emotional states,

as has been pointed out by Smith (64), and by Landis, Gullette, and

Jacobson (37).

The "detective" use of the free association test should be men-

tioned in connection with the use of free association in ferreting out

emotional difficulties. The "detective" method is based upon the

assumption that even in presumably voluntary associations a subject's

reply will be inevitably tied up with those experiences suggested by

the stimulus word. So, if an individual has committed a crime a
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theft, say words bearing upon the circumstances of the crime will

elicit responses which will serve to "give the subject away." If the

subject tries to '"beat the game" by giving some foolish or irrelevant

association, the time of responses will ordinarily be lengthened.

The detective use of free association has distinct possibilities which

have not up to the present been fully realized. This method was first

employed by Miinsterberg (43), and has given some striking

results (38).

Several studies of the free association test have been made with

children. Rosanoff and Rosanoff (61) have reported that children

exhibit a decided tendency to repeat a previous response; and that

they also give more individual responses than do adults. Woodrow
and Lowell (81), however, who have compiled frequency tables espe-

cially for children, found that children give fewer individual associa-

tions than adults, when their associations are evaluated in terms of

their own frequency tables. Otis (48), in a study of 130 feeble-

minded and 200 normal children, found that the feeble-minded give

an unusual number of non-specific (i.e., general) and phrase re-

sponses, show a greater tendency to repeat the response word, and

often fail to respond at all. Wheat (76) has devised a free associa-

tion test consisting of twenty-five words picked at random from the

500 most commonly used English words. This test was given to 1,323
children in grades 4 to 8. The reliability of the test, when given a

second time after a week's interval to 111 sixth-grade children,

was .74.

The relationship of free association to general ability will depend

largely upon the measure of free association employed. Conrad and

Harris (15) obtained correlations which ranged from .52 to .74

between N.I.T.
1
scores and various classifications of free association

responses in a group of 166 children, eleven to fifteen years old.

Probably the most interesting finding in this study is the correlation

of .53 between N.I.T. scores and the total number of "failures

to respond."

Test 3. Free Association (Discrete Method)
Material: Test blanks containing the 100 stimulus words used by Kent
and Rosanoff (see Figure 23) ; the Kent-Rosanoff frequency tables; stop-
watch. Test blanks may be purchased from the C. H. Stocking Company,
Chicago, Illinois.

1 National Intelligence Test.



TESTS OF LEARNING, ASSOCIATION AND MEMORY 113

Method: This test should be given in a room as quiet and as free from

distracting influences as possible. E should instruct S as follows: "I

am going to read to you one at a time a series of 100 words. Before

each word I shall give the signal 'Ready.' As soon as you hear the

stimulus word respond with the first word that comes to mind. Do not

repeat the word which I have spoken, and do not respond with a phrase.
Your response must be a single word, and you must answer as quickly
as possible." E writes down the response given by S in the space

provided on the blank.

Variation in Method: The time taken by S to respond to each of the

stimulus words may be recorded with a stop-watch. E should start the

stop-watch as soon as he has spoken the stimulus word, and stop it as

soon as S has spoken or has written his response.

Record: In older to determine the degree to which S's responses cor-

respond with those given by other people, the frequency of each response
should be found from the Kent-RosanofF frequency tables. If S's

response has a frequency value of 10 or 50, this number should be

written on the blank opposite the stimulus word. If S's response is

"individual," that is, not found in the frequency tables, its frequency
value is zero. (The meaning of the classifications, common, normal,

doubtful and individual will be found on p. 108.) In order to find the

median frequency of S's responses, ai range the separate frequency
values of the 100 words in order of size. Count down until the fiftieth

value is reached; the point midwT

ay between the fiftieth and the fifty-

first frequency values is the median frequency. The median frequency is

an index of the extent to which S's responses agree with those of other

people. A high median frequency may mean that S's thinking is ordi-

nary and commonplace; a low median frequency that it is individual

and different. S's responses may also be classified in the various cate-

gories given by Kent and Rosanoff. The percentage of common, indi-

vidual, doubtful and failure responses may also be computed.
If the time of S's separate responses has been recorded with a stop-

watch, these may be put into a frequency distribution, and S's median

response time compared with that of other members of his group.
Norms: The Kent-Rosanoff frequency tables may be found in the fol-

lowing references (35, 60) . Table XVIII gives the results found by Kent

and Rosanoff for different groups of subjects.

2. Controlled Association

Simple tests of controlled association measure largely the speed

and facility with which certain familiar associations can be rein-

stated. The subject's response is so restricted by the instructions that

ordinarily only one reply is possible. For example, in an opposites

test there is only one reply to the stimulus word "high." Controlled



114 PSYCHOLOGICAL TESTS

association tests as they become more difficult involve to a greater

and greater degree the ability to '"reason out" or educe relations,

which are often highly abstract. Spearman (66) holds that the more

difficult controlled association tests, as for example, opposites or

analogies,
1
are among the best tests of general intellectual ability.

Opposites and analogies tests are found in many of the standard

general intelligence examinations, such as Army Alpha, and the

Terman and Otis group tests.

The first systematic study of controlled association tests was made

by Woodworth and Wells (82). These authors devised tests which

involved such relations as opposites, part-whole, whole-part, agent-

action (noun-verb), adjective-noun, coordinates and others. The
method used by Woodwoith and Wells was to present to the subject
a list of twenty words. The subject was instructed to respond orally
to each stimulus word and the time for all twenty responses was taken

by the experimenter. The average time of response of adults to a

simple opposites test is given as Ul seconds by Woodworth and
Wells. The average time of lesponse of the same subjects to the part-
whole test was 1.53 seconds; and the average time for the mixed
relations (or analogies) test was 3.14 seconds. As might be ex-

pected, the mixed relations test is the most difficult type of controlled

association as measured by time of response, while simple opposites
is the easiest. The opposites, part-whole and mixed relations tests

with which Woodworth and Wells obtained the results quoted are

shown in Table XIX.

Various methods have been used in administering controlled asso-

ciation tests. The wTords may be shown one at a time, the subject's

response written down and his reaction time taken. Or the test may
be given by the group method, in which case the subjects write down
their own responses. When only the total time taken by the subjects
in answering all of the words in the test is recorded, the average time
of association per word is found by dividing the total time by the
number of words in the list.

Controlled association tests have in general shown high correla-

'In analogies tests the instructions are to discover the relationship between the first
and second words, and then fill in the blank space with a word which bears the same
relationship to the third word.

e.g., eye see::ear ?

wing bird: :fin ?
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TABLE XIX
CONTROLLED ASSOCIATION LISTS

(From \Vood\vorth and \\~elU J82])

Opposites Part-\vhole Mixed Relations
Test Te^t Te^t

high
summer
out
white
slow

yes
above
north

top
wet

good
rich

up
front

long
hot
east

day
big
love

tions with tests designed to measure general intelligence. Spear-
man (66) has reported a correlation of .89 between the opposites test

and measures of "general mental ability." In Chapter 7, p. 44, the

average correlation of the opposites test (synonym-antonym) with

the other tests of the Army Alpha will be found to be .77. Bonser (6)

reported a correlation of .85 between an opposites test of twenty

items and the average of three ''reasoning" tests. Wyatt (83) found

a correlation of .67 between the part-whole test and teachers' esti-

mates of intelligence in a group of thirty-four children, eleven to

thirteen years old; and correlations of .62 and .80 between an

analogies test and measures of intelligence. Wylie (84) studied the

relation of opposites tests to general intelligence in groups of from

73 to 149 school children, ten to fourteen years of age. The cor-

relations ranged from .65 to .77.

The intercorrelations of controlled association tests are generally

high. Carothers (11), for example, found a correlation of .57 be-

tween the Woodworth-Wells opposites test and the Woodworth-Wells

mixed relations; while Schneck (63) obtained a correlation of .72

between analogies and opposites in a group of 210 college students.

Pyle obtained the results shown in Table XX when the opposites of

the following twenty words were written by the subjects:
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OPPOSITES

(FromP>le [57])

1. good 11 like

2 outside 12 rich

3. quick 13 sick

4. tall 14. glad
5 big 15. thin

6 loud 16 empty
7 white 17. war
8. light 18. many
9. happy 19. above

10. false 20. friend

TABLE XX
NUMBER OF CORRECT ASSOCIATION'S WRITTEN* ix SIXTY SECONDS OPPOSITES TEST

(From Pyle [57])

Boys

Age . . 8 9 10 11 12 13 11 15 16 17 18 Ad.

No. . ..33 65 60 61 72 65 61 40 33 17 22 62
Norm.. ,90 84 7 5 10 9 11 5 14.5 145 160 186 196 22.4 22.1

AY. Dev. 3.3 30 31 29 2.9 4.5 43 52 53 3.3 3.2 3 3

Girls

Age 8 9 10 11 12 13 11 15 16 17 18 Ad.

No. . 33 56 77 65 71 73 58 19 48 27 26 85
Norm ... 8.0 7 6 10 9 11.2 139 119 17.1 173 19.3 21.1 231 231
Av. Dev. . . 4.0 2.9 3.1 30 36 43 3.9 5 1 4.2 4.9 3 1 4.0

It appears from the table that girls are somewhat faster than boys
in the opposites test, although the differences are slight.

Hollingworth (30) has made an interesting study of the eifects of

practice upon speed in the opposites test. Eleven men and eight
women were given 100 trials with an opposites test of fifty words.

Their speed in reading aloud the opposites to the fifty words from
a typewritten sheet, which contained the stimulus words and their

opposites, was also measured. It was found that intensive practice
had greatly increased the speed of response in the test proper; but

that even after ninety-five trials there was considerable time taken

in the test itself which could not be accounted for by the silent

reading of the stimulus words, and the articulation of their opposites.
It seems clear, therefore, that no matter how easy the test a certain

amount of mental effort is demanded.

The reliability of controlled association tests is high. Wylie (84)
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has obtained reliabilities of .80 to .95 for an opposites test of thirty-

five items. Schneck (63) obtained a reliability of .93 for a difficult

opposites test containing 130 items; and a reliability of .88 for a

difficult analogies test containing forty items.

3. Other Controlled Association Tests

There are several other controlled association tests which deserve

to be mentioned. The most important of these is the vocabulary test,

which is described in Chapter /, p. 28, as being probably the best

single test of abstract or verbal intelligence. Terman (70) found

that this test gives an exceedingly close approximation to the mental

age obtained from the Stanford Revision of the Binet Tests. The

vocabulary test included in the Stanford-Binet Scale was arranged
and standardized by Terman and Childs (73). Their method was to

select the last word of every sixth column in a dictionary containing

the 18,000 most common English words. Terman's list of 100 words

is based on the assumption that the woids selected according to this

arbitrary rule will furnish a sample which will yield a fairly reliable

index of the subject's vocabulary. This test is administered as an

individual test, the subject's definitions being given orally and writ-

ten in by the experimenter. An individual's total vocabulary is equal

to his total score multiplied by 180. Table XXI gives the vocabulary

scores for different mental ages computed by Terman.

TABLE XXI

MENTAL AGE NORMS FOR BOYS AND GIHLS,
ON THE TERMAN VOCABULARY TEST

(From Terman [72])

Probably the most satisfactory method of giving the vocabulary

test by the group method is to present a list of words for each of

which four or five possible synonyms are supplied (method of multi-
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pie choice). The subject is instructed to underline that word which

best defines the stimulus word. Thorndike has compiled several vo-

cabulary lists for grades 3 to 10, which may be purchased from the

Bureau of Publications, Teachers College, Columbia University. For

advanced adult groups, the vocabulary tests in Thorndike's CAVD
( Chap. /, p. 36) will be useful.

The form-naming test and the color-naming test may perhaps be

best classified as controlled association tests. These tests were devised

by Woodworth and Wells (82). In the form-naming test the subject

is required to name orally as rapidly as possible 100 geometrical

figures printed on a sheet. The figures are a circle, square, cross,

triangle and star repeated over and over in random order. In the

color-naming test the subject names as rapidly as he can 100 small

squares of color. These color squares are red, blue, yellow, green
and black repeated over and over in random arrangement. Both of

these tests have been used as measures of perception and attention

as well as of association. Women are generally faster than men in

both form and color naming. Whitley (78) found that women take

on the average sixty-seven seconds to name the 100 colors, while men
take eighty-five seconds. The correlation between form naming and

color naming was reported by Whitley to be .73.

Test 4. Controlled Association

Materials: Test blanks containing opposites, part-whole, whole-part,
mixed relations, and other blanks from the Woodworth-Wells series;

stop-watch. Controlled association blanks may be purchased from the

C. H. Stoelting Company, Chicago, Illinois.

Method: Place the test blank, say, the opposites, face down before S.

Instruct S to turn over the blank at the word go and to give orally the

opposite of each of the twenty words on the blank in succession. If

other controlled association blanks are used, several illustrations of

what is wanted should be given before the test is administered. Be sure

that S understands what he is to do.

Alternate Method: Controlled association tests may be given by the

group method, the responses being written instead of spoken. Distribute

the test blanks, face down, to the subjects. Explain and illustrate what

kind of response is required; then at the word go tell the subjects to

turn over their blanks and write in the correct associates as quickly as

possible. If the work-limit method is used each subject must read the

time required to complete from a time clock. If the time-limit method
is used thirty seconds or even twenty seconds is probably long enough
for adult subjects.

Record: With adult subjects, usually only the time score need be con-
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sidered, since errors are rarely made. In the case of children, an S

upon giving a wrong response, ma\ be stopped and required to give a

right one before going on; or a penalt} may be added to the time

score. The average time per association is obtained b\ dividing the

total time taken on the blank by 20.

Norms: Norms obtained by Woodworth and Wells (adult subjects, oral

response) for the opposites, part-whole, and mixed relations tests will

be found on p. 114. Pyle's norms for his list of opposites (p. 116) are

given in Table XX.

TESTS OF MEMORY

The phenomena of memory may be classified under the heads of

fixation, retention, recall and recognition. Fixation, or the ability to

get new impressions quickly and accurately, is measured by tests of

immediate memory. Retention, or retentivity, is measured by tests

of recall and recognition, which may be given at varying time in-

tervals after the original presentation of the memory material. Tests

of memory, themselves, may be classified as tests of
iu
rote" memory,

or memory for disconnected impressions; and tests of '"logical"

memory, or memory for connected meaningful material. In rote

memory tests the subject is required to reproduce the material ex-

actly as it was presented, i.e., he must learn it
tb

by heart/' In logical

memory tests the ideas or meanings involved are asked for, rather

than an exact reproduction of the material as presented.

I. ROTE MEMORY

1. Simple Immediate Memory
(a) Memory-span Method. Memory span is the longest series of

items, e.g., letters, digits, words, etc., which the subject is able to

reproduce correctly after a single presentation. Digits are the most

frequently used material in memory-span tests. Presentation may be

visual or auditory. In testing memory span for digits, by the visual

method, the material is presented upon a series of cards which con-

tain digits printed in large type. These test cards contain from four

to twelve digits each (fifteen may be taken as the upper limit if

college students are subjects). E begins with the first card, the one

containing four digits, and shows it to S for four seconds. As soon as

the card is covered, S writes down or gives orally all of the digits

which he can remember. S is instructed to give the digits in the

order in which they were presented. Each card is shown for as many
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seconds as there are digits printed upon it. Time of exposure is con-

trolled by a metronome. In auditory presentation, the digits or letters

are read at a rate of one per second. Subjects are cautioned to wait

until the presentation is complete, before writing down, or giving

orally, items which they have heaid.

The length of the memory span increases during the early years.

Hallowell (27), in testing by the auditory method the digit span of

413 children ranging from twelve to forty-seven months in age, found

that "not until forty-six months or almost the fourth birthday do at

least half of the children have a span of 4 or more." Hurlock and

Newmark (31) have reported an average auditoiy memory span of

five digits for children ranging in age from four years nine months

to five years ten months. In the Stanford-Binet an auditory memory-

span test of three digits is placed at Year 3; four digits at Year 4;

five digits at Year 7; six digits at Year 10; seven digits at Year 14;

and eight digits at the superior adult level. Terman's method is to

give the child three trials, recording the test as passed if one list out

of the three is reproduced correctly. Pyle (57) has published ex-

tensive data on auditory memory span for concrete and abstract

words. His method of administering this test is to read to the subjects

lists of from three to eight words. Each word remembered correctly

and in its correct position in the list counts two points ; one point for

reproduction and one point for correct position. Since ihcre arc

thirty-three words in all in Pyle's lists, the maximum score obtainable

TABLE XXII

MEMORY SPAN (CONCRETE WORDS) SCORED BY METHOD GIVEN ABOVE

(From Pylc [57])

Boys

Age 8 9 10 11 12 13 14 15 16 17 18 Ad.

No 31 58 61 55 60 60 35 25 14 7 5 6t
Norm . 312 32.4 358 37.7 37.7 38.3 40.0 40.2 43.4 457 49.0 443
Av. Dev. . . 6.7 7.4 6.3 6.4 5.0 5.6 6,4 4.9 6 3 5.1 7.6 6.6

Girls

Age 8 9 10 11 12 13 14 15 16 17 18 Ad

No 37 68 69 52 70 51 34 13 17 8 2 88
Norm . 32.9 32.7 39.6 37.7 38.7 40.1 412 42.0 42.5 40,5 52.0 476
Av. Dev. . 7.1 6.2 5.2 5.2 6.1 51 7.0 7.0 4.8 4.6 2.0 7.7
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is 66. Pyle's results for boys and girls from eight to eighteen years
of age are given in Table XXII. Pyle's memory material is as

follows :

Concrete Words

1. street, ink, lamp
2. spoon, horse, chair, stone

3. ground, clock, boy, chalk, book
4. desk, milk, hand, card, floor, cat

5. ball, cup, glass, hat, fork, pole, cloud

6. coat, girl, house, salt, glove, watch, box, mat

At the adult level the memory span for digits varies from 7 to 9.

Carothers (11), in a group of 200 freshmen women, found the aver-

age auditory memory span for digits to be 7.53 =*= .53. In an ex-

tensive study of memory, Anastasi (2) tested 225 male college

students ranging in age from twenty to twenty-nine years. In this

group the visual digit span was 9.3, S.D. 1.1. This result agrees with

that of Garrett (19), who obtained an average visual digit span of

9.1, and an average auditory digit span of 8.4, in a group of 158

male college students. Visual digit span is nearly always slightly

higher than auditory digit span. This result arises no doubt from

the fact that grouping is greatly facilitated, and review is possible,

in visual presentation.

Another type of memory-span test is that of memory for sentences.

In his 1911 scale, Binet placed the test of repeating a sentence of

ten syllables (which had been heard once) at Year 5; and the test of

repeating a sentence of twenty-six syllables at Year 15. Terman (70)

placed tests of sentence memory at the following age levels in

Stanford-Binet: six to seven syllables at Year 3; twelve to thirteen

syllables at Year 4; sixteen to eighteen at Year 6; twenty to twenty-

two at Year 10; twenty-eight at Year 16, i.e., average adult level.

Terman counts the sentence-memory test passed when a child can

repeat correctly one of the three sentences which he has heard; or

two out of three with one error in each. At Year 16, however, one of

the two sentences heard must be absolutely correct.

(b) Relation of Memory Span to Other Functions. Like most

tests of narrow functions, memory span is more closely related to

general ability in children than in adults. Hurlock and New-

mark (31) have reported a correlation of .59 between auditory
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memory span for digits and Stanford-Binet I.Q. in a group of twenty

pre-school children. This correlation is somewhat too high because

digit-span tests occur at Years 3 and 4 in the Stanford-Binet.

Goodenough (26) has studied the digit-span test in relation to M.A.

as found from the Kuhlmann-Binet Scale (p. 20). In a group of

100 three-year-olds, the correlation of success in the three-digit test

(bi-serial r) and Kuhlmann-Binet M.A. was .67; in a group of 100

four-year-olds, the correlation between success in the five-digit test

and Kuhlmann-Binet M.A. was .60. Both Binet and Terman have

considered the digit-span test to be a good measure of active atten-

tion, and hence indicative of general intelligence in children. Ter-

man's data for the Stanford Revision (71) showed a steady increase

in digit span with age from three to fourteen years. Norsworthy (46)
found that for related and unrelated words, respectively, only 5 and

6 per cent, of feeble-minded children had a memory span equal to

the average normal child of the same age.

In a group of 121 college students Wissler (80) obtained the low

correlation of .16 between digit span and college grades. Gar-

rett (19) obtained a correlation of .18 between visual digit span and

the Thorndike Intelligence Examination in a group of 158 students;

and a correlation of .21 between auditory digit span and intelligence

in the same group. Carothers (11) calculated the average correlation

of digit span with nineteen other mental tests to be only .17. The

highest correlation given by the digit-span test in Carothers' study,

i.e., .77, was with a number cancellation test.

There is a substantial relationship between auditory and visual

memory span. Garrett, in the study mentioned above, obtained a

correlation of .57 between auditory and visual digit span. A con ela-

tion of .57 was also obtained by Gates (25) between auditory and

visual digit span in a group of 172 boys and girls in the fifth and

sixth grades. In a group of 197 college students, Gates (23) obtained

a correlation of .25 between auditory digit span and logical memory
for a prose selection. Anastasi (2) has reported correlations between

visual memory span for digits and seven rote memory tests of recall

and recognition which range from .03 to .25.

The narrow range of scores in memory-span tests, and the low

correlations of these tests with other measures in adult groups, indi-

cate that memory span is of little value in the upper age levels.
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Practice and training play a large role in memory span in older

groups. As a measure of attentive observation and concentration,

memory span is of value with young children; but its low correlation

with verbal tests of general ability suggests that the digit span has

been much overemphasized in the upper levels of the Stanford-Binet.

Investigators are generally agreed that girls are superior to boys in

memory span (57, 77).

(c) Reliability of Memory-span Tests. Tests of memory span
have in general shown a fairly high degree of reliability. Carothers

(11) reported a reliability of .83 for an auditory digit-span test

(N= 45). Hartmann (28) obtained a reliability of .73 for auditory

digit span in a group of sixty-three college students; and Anastasi (2)
obtained a reliability of .74 for visual digit span in a group of 225
students.

Test 5. Memory Span for Digits
Material: Test cards containing from four to twelve (or fifteen) digits;

metronome. This material may be made by the experimenter or it may
be purchased from the C. H. Stoelting Company, Chicago, Illinois.

Method: (a) Auditory presentation. Set the metronome at 60. Begin
with the four-digit card and pronounce each digit one after the other in

time with the metronome beats. Continue with the 5, 6, 7, etc., digit

lists. Instruct S, as soon as a series has been presented, to write down

immediately as many of the digits as he can remember in their right

order.

(b) Visual presentation. Set the metronome at 60, as before. Show

the cards in order allowing one second for each digit, i.e., four seconds

for the four-digit card, five seconds for the five-digit card, and so forth.

In exposing a card the experimenter should count silently in time with

the metronome. Lift the card up on the count 0; then count 1, 2, 3, 4,

etc., laying the card down immediately after the last count. Give the

cards in order beginning with the four-digit card. Instruct S to write

down, at the end of each presentation, as many digits as he can

remember.

Record: For both auditory and visual presentation S's score is the

largest number of digits reproduced without error. More accurate results

are obtained if two or more lists are given and the results averaged.

One may use Terman's method of allowing three trials for each list of

digits, counting the test as passed if one list is reproduced correctly.

Norms: Norms for children and adults will be found on p. 121. The fol-

lowing table from Bronner, Healy, et aL (7), gives digit-span norms

(auditory method) for childien, by age. These data were compiled by

Bronner, Healy, et aL, and by Starr (69) .
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TABLE XXIII

AUDITORY DIGIT SPAN BY AGE

Age Bronner, Hcal>, et al. Starr

4 4

5 4

6 5

7 55
8 55
9 5 5-6

10 56
11 66
12 66
13 6-7 6-7
1 1 6-7 6-7
15 7 7

16 7

17+. . 7

2. Recall Memory
(a) Method of Retained Members. Either fixation or retention

may be measured by the method of retained members, depending

upon whether the memory test is given immediately or after a time

interval has elapsed. In the method of retained members more items

are presented than can possibly be reproduced by the subject. The

measure of memory is the amount of material (i.e., number of

items) which the subject is able to recall. Various kinds of materials

may be employed in recall memory tests: words, nonsense syllables,

poetry, proverbs, pictures, geometrical figures, and actual objects. In

most cases, presentation may be by either the visual or the auditory

method.

(b) Method of Paired Associates. The method of paired asso-

ciates may also be used for testing immediate or delayed memory.
Both auditory and visual presentation is employed. In the visual

method a series of cards containing a list of paiied terms, e.g., man-

sky, desk-stone, etc., are presented to the subject one at a lime. Di-

rectly after the presentation, which may be repeated several times

before the test proper, immediate memory is tested for by exhibiting

in succession the first item of every pair which lias been shown. The

subject's task is to write down, or give oially, the term paired with

each stimulus item in the original presentation. The score is the

number of paired associates which are correctly reproduced. In

auditory presentation the pairs of items are read to S one pair at a

time. S is then required to write down the second word of each pair

upon hearing the first. In order to prevent the learning of associates

in serial order the cards are shown in a different order in the test
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proper from that employed in the presentation series. Not only words
but nonsense syllables, digits or pictures may be used as memory
material ; or a word may be paired against a nonsense syllable, or a

picture against a number.

(c) Relation of Recall Memory to General Intelligence. Except
in the case of children, tests of simple recall memory, like tests of

memory span, have shown in general little relationship to measures
of intelligence. Achilles (1) found that recall of words, geometrical
and other forms, and nonsense syllables increased regularly with

age and grade. Carey (10) obtained a correlation of .38 between

three word recall tests (both auditory and visual) and teachers' esti-

mates of scholastic intelligence. Carey's subjects were 150 children

seven to fourteen years old. Gates (23), in a group of 318 grade-
school children, obtained correlations of .43 and .44, respectively,

between teachers' estimates of intelligence and immediate and de-

layed recall of nonsense syllables. McGeoch (41) found that in a

series of paired associates tests in which nonsense syllables were

matched with words, the retention of a normal group of children

was never greater than 39 per cent, of the retention scores made by
a gifted group.

Bolton (5), in a group of 200 freshmen college women, obtained

a correlation of only .18 between word recall and the Otis Self-

Administering Test. The correlation between a paired associates test

of names and dates and the Otis Test was .38. Both Carothers (11)
and Anastasi (2) found low correlations between word-recall tests

and vocabulary (a good measure of general intelligence, p. 28).

Anastasi reports a correlation of .06 between a difficult word recall

test and vocabulary. Her word recall test consisted of forty four-

letter words which were presented visually in two series of twenty

each. Carolhers obtained a correlation of .14 between the recall of

twenty-five words presented visually and a vocabulary test (N= 100

freshmen women).

(d) Relation of Recall Memory Tests to Each Other and to Other

Abilities. Tests of recall memory for symbolic material have been

shown by Anastasi (2) to possess a common "memory factor."

Anastasi constructed four paired associates tests as follows: word-

word; picture-number; form-number; color-word. The average inter-

correlation (corrected for attenuation) of these four tests of recall

memory was .58, and the average corrected correlation of the word-
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recall test with these four tests was .57. These results suggest a fairly

substantial community of function in tests of this sort. In a later

study, however, this memory ability did not prove to extend to other

performances. Anastasi (3) obtained an average correlation of .02

between a word-word paired associates test and four other very differ-

ent tests of memory. These were tests of logical memory for difficult

prose; delayed memory for words, the test being given after a forty-

eight-hour interval; memory for tones;
1
and memory for movement.

The subjects were 170 college students. This finding indicates that

memory ability is fairly specific except where the material is closely

related.

Carothers (11), in a group of 100 women, obtained an average
correlation of .13 between word recall and nineteen other tests such

as tapping, cancellation, controlled association, logical memory, etc.

Garrett (19) obtained correlations ranging from .05 to .59

between two paired associates tests and six memory and learning
tests. The correlation of paired associates ( auditory) and paired
associates (visual) was .59, as contrasted with the correlation of

.05 between paired associates visual and auditory memory span
for digits.

(e) Reliability of Recall Memory Tests. The reliability of recall

memory tests depends greatly upon the character of the group stud-

ied, number of items in the series, and the difficulty of the material.

Bolton (5), who employed a list of twenty words, has reported a

reliability for word recall of .47. Anastasi, who combined two word-

word paired associates tests, each test containing twenty items, ob-

tained a reliability of .88 for the whole series.

3. Recognition Memory
The method of recognition, like the methods of recall memory

described above, may be used to study fixation, or retention after an

inleival of time. In a typical recognition test twenty-five items, words

or pictures, say, are shown to the subject. These twenty-five items

are then mixed with twenty-five more, and the whole series of fifty

again presented to the subject, who is instructed to indicate which

items he has seen before. Errors are of two kinds: (1) Failure to

recognize an item seen before; (2) false recognition of items which

were not previously shown. The subject is often asked to express his

degree of confidence in his judgment. The score in a recognition test

1
This test was given by means of the Seashore recoid (Chapter IV\ p 168)
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is usually found by deducting twice the number of errors from the

total number of items shown. Many kinds of material have been

employed in studying recognition memory: words, nonsense sylla-

bles, geometrical forms, pictures, designs, advertisements, etc.

(a) Relationship of Recognition Memory to Recall Memory and

to Other Abilities. In studying recognition, Bolton (5) presented to

200 college women a list of twenty-four words which were later com-

bined with seventy-two new words and shown again. The subjects

were asked to check those words in the new list which they had seen

before. The correlation of this word-recognition test with a syllable-

recognition test was .46; and with word recall .23. Achilles (1)

administered recognition tests of words, geometrical and other forms,

proverbs and nonsense syllables to ninety-six adults and more than

600 children. Her results show proverbs to be the easiest material to

recognize, nonsense syllables to be the most difficult. The correlations

of Achilles' recall and recognition tests averaged .23 for adults and

.21 for children. The highest correlations were between those tests

in which the material was closely similar. Differences in the fa-

miliarity of the subjects with the material, and differences in the

length and difficulty of the tests, probably operated to reduce many
of these correlations.

Anastasi (2) has obtained low correlations between recognition

tests when the materials employed were dissimilar. The correlation

between recognition of forms and recognition of nonsense syllables,

for instance, was .10. But the correlation between word recall and

nonsense-syllable recognition was .26. Apparently, the material was

more important than the method in these memory tests. Both Anastasi

and Carothers found low correlations between recognition memory
and general intelligence. In both recall and recognition memory,

females are consistently superior to males (1).

(b) Reliability of Recognition Tests. Bolton has reported a re-

liability of .48 for the word-recognition test mentioned above.

Carothers (11) obtained a reliability of only .33 for a recognition

test of twenty-five words in a group of forty-five college women; and

a reliability of .73 for a recognition test of twenty-five proverbs.

Anastasi, who employed a recognition test of forty nonsense syllables,

obtained a reliability of .68 in her group of 225 college students.

Short and easy recognition tests give low correlations because of the
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large chance element present; longer and more difficult tests show

higher reliabilities.

Test 6. Recall and Recognition of Words (Methods of Retained Mem-
bers and of Recognition)

Material: E should prepaie two lists of twenty-five disconnected words,

(a) and (b) ;
and two lists of fifty words each, the fiist list containing

the twenty-five words in (a), the second list the twenty-five words in

(b) . Two of these lists are for visual and two for auditory presentation.

Method: (1) Visual Presentation. (a) Recall: Give S's sheets con-

taining the first list of twenty-five words and instruct them to study the

list carefully for one minute. At the end of this time collect the lists,

and have S's write down as many of the words as they can remember.

(b) Recognition: Give S's sheets containing a list of fifty voids,

twenty-five of which have already been seen in (a). Instiuct S's Lo

check off on this list all the words which they saw before.

(2) Auditory Presentation. (a) Recall: Read a list of twenty-five

woids slowly, allowing about one second per word with a two-second

interval between words. Immediately after presentation, instruct S's to

write down all of the words which they can remember, (b) Recogni-
tion: Instruct S's to prepare a record sheet containing spaces num-
bered from 1 to 50. Now read the list of fifty words made up of the

twenty-five words already heard, mixed in with twenty-five new ones.

As each word is read, direct S to mark Y if he has heaid it before, N
if he has not. Caution S's to put each response opposite its proper
number and to leave the space blank if they are not suie.

Record: The score for recall memory is the number of words icmcm-

bered, without regard to order. The score for recognition is 50 minus
twice the number of errors.

Norms: (1) Carothers (11) gives the following norms for wotd recall

and word recognition (visual method, twenty-five woids, time for study
one minute) . S's were freshmen college women.

Recall

N = 200 Aver. 11.25 RE. - 1.74

Recognition
N = 200 Aver. = 35.45 P.E. = 5.45

(2) In the Columbia University laboratory, the following results have
been obtained for word recall (auditory method, twenty-five words).
S's were men and women graduate students.

N = 48 Aver. - 13.65 S.D. 2.05

II. LOGICAL MEMORY

1. Memory for Ideas or Meanings
In tests of logical memory, the subject is required to reproduce
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the ideas or thoughts of a passage of prose which he has read or

which has been read to him. Reproduction may be oral, in the form
of a narrative; or the subject may be required to give a written

account of, or to answer questions upon, the material which he has

heard. A well-known test of logical memory occurs at Year 10 in

the Stanford-Binet scale. In this passage, which is reproduced in

Figure 24, the subject is first instructed to read the passage through.
The examiner then covers the passage and asks the subject to tell all

that he can remember of what he has read. The "ideas" in the passage
are separated by slanting lines. There are twenty-one ideas in all.

If a child is able to read the selection in thirty-five seconds with not

more than two mistakes, and to recall eight "ideas," he is accredited

with an M.A. of 10 years on this test.

Figure 24. LOGICAL MEMORY TEST AT YEAR 10 (STANFORD-BINET)

New York. / September 5th. / A fiie / last night / burned / thiee houses / near

the center / of the city / It took some time / to put it out. / The loss / was fifty

thousand dollars, / and seventeen families / lost their homes. / In saving / a girl / who
was asleep / in bed, / a fiieman / was burned / on the hands.

Several prose selections of the same sort as the one described may
he found in Whipple (77). A sample of these, a passage entitled

"The Marble Statue," is shown in Figure 25. Age and sex norms for

this selection have been published by Pyle (57) and are given in

Table XXIV. Pyle's norms apply to written reproduction. The pas-

sage is read to the subjects by the experimenter, who then requires

each subject to write as much as he can remember. Scoring is in

terms of the number of "ideas" correctly reproduced.

Figure 25. THE MARBLE STATUE WHIPPLE (77)

A young / man / worked / years / to carve / a white / marble / statue / of a beauti-

ful / girl. / She grew prettier / day by day. / He began to love the statue / so well

that / one day / he said to it: / "I would give / everything / in the world / if you
would be alive / and be my wife." / Just then / the clock struck / twelve, / and the

cold / stone began to' grow warm, / the cheeks red, / the hair brown, / the lips to

move. / She stepped down, / and he had his wish. / They lived happily / together / for

years, / and three / beautiful / children were born / One day / he was very tired, / and

grew / so angry, / without cause, / that he struck her. / She wept, / kissed / each

child / and her husband, / stepped back / upon the pedestal, / and slowly / grew

cold, / pale / and stiff, / closed her eyes, / and when the clock / struck / midnight / she

was a statue / of pure / white / marble / as she had been / years before, / and could

not hear / the sobs / of her husband / and children.

Logical memory shows a closer relationship to general intelligence

than does rote memory. Hurlock and Newmark (31) have reported
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TABLE XXIV

NORMS FOR "MARBLE STATUE"

Number of Ideas Reproduced (Written)

(From Pyle [57])

Boys

Age 10 11 12 13 11 15 16 17 18 Ad.

Girls

Age 9 10 11 12 13 11 15 16 17 18 Ad.

a correlation of .76 between logical memory for two passages taken

from Herring's Revision of the Binet-Simon Scale and I.Q. (Stanford-

Binet) in a group of twenty pre-school children. Bolton (5) read

a prose selection containing 100 "ideas" to a group of 200 college

women. The correlation of this test with the Otis Self-Administering

Intelligence Test was .72 (corrected for attenuation). Garrett (19)
obtained a correlation of .29 between logical memory for a selection

of prose and the Thorndike Intelligence Examination in a group of

158 college students. The students read the prose selection and then

answered questions upon it. Although selected to be fairly difficult,

the passage turned out to be too easy for the group. Most of the

scores were high, and the range was small. Had the selection been

more adequate, it is probable that the correlation here would have

approximated that found in the other study quoted.

Bolton has reported correlations which range from .20 to .38

between her test of logical memory and five recall and recognition

memory tests. Gates (24) obtained correlations of much the same

order between logical memory and role memory. Gates' correlations

ranged from .07 to .28 in a group of 197 college students. His rote

memory tests included tests of auditory and visual digit span and

recognition of geometrical forms. These studies are samples of many
others which have found the correlations between logical memory
and rote memory to be positive but low.
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Logical memory tests have not proved to be highly reliable. Lem-
mon (39) obtained a reliability coefficient of .60 for a logical mem-

ory test consisting of five pages of prose, which the subjects were
allowed to study for twenty minutes. Lemmon's group consisted of

eighty-eight college men. Bolton obtained a reliability coefficient of

.58 for a logical memory test consisting of a passage of easy prose.
When this test was rescored for "logical thought" the reliability was
increased to .69. This result demonstrates that different methods of

scoring, as well as differences in difficulty, have a decided influence

upon the reliability of a test.

The tests described in this chapter may be purchased from the C. H. Stocking Co,
Chicago, Illinois.
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THE PSYCHOGRAPH

The psychograph is a relatively simple and direct method of rep-

resenting an individual's scores in a number of tests. One type of

psychograph is shown in Figure 26. This diagram represents the

scores made by a woman graduate student, B.S., upon eleven tests like

those described in Part I of this book. The method of constructing

this figure was to convert all of the scores into "sigma" or "standard"'

scores. This was done in the following manner. Suppose an individual

obtains a score of 62 on a test in which the mean score is 48.25 and

the S.D. 8.53; and a score of 122 in a test in which the mean score

is 138.42 and the S.D. 25.46. To convert these scores into sigma

values we subtract the mean score on each test from the subject's

score in that test and divide by the standard deviation, e.g.:

62 - 48.25

8.53

122 - 138.42

25.46

+1.61

- .64
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A sigma score is plus when the subject's score is above the mean;
and minus when the subject's score is below the mean. The student

must remember, however, that when scores are in terms of time

(seconds) a score above the mean will give a minus sigma score,

and one below the mean a plus sigma score.

There are several distinct advantages in the use of a psychograph.
In the first place, it enables one to compare scores which are ex-

pressed in very different units (20). It would be impossible to

compare directly the number of taps in thirty seconds with the size

of one's vocabulary. Secondly, a psychograph enables one to get a

compact picture of an individual's relative achievements in different

functions. In Figure 26, for instance, it will be at once noted that B.S.

ranks about average upon those tests which deal with simple sensory-

motor functions, but is above the mean or norm in learning, memory
and language ("general intelligence") tests. From the psychograph

alone, the most obvious conclusion would be that B.S. is "bright"

(in an academic sense) and somewhat less advanced in motor and

sensory ability.

Two sheets are provided on pp. 138, 139, upon which the student

may construct a psychograph of his own abilities based upon a selec-

tion of the tests described in Part I.

ERRATUM

Ii
akfng Ae P^^aph will be

following page 224 of Part Two.
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CHAPTER I

VERBAL OR LINGUISTIC TESTS OF "GENERAL
INTELLIGENCE"

THE task of this chapter is to describe certain groups or batteries

of tests which present a variety of problems cutting across

many mental processes in the attempt to measure general ability

or "general intelligence." When these tests demand, as essen-

tial to their performance, a knowledge and understanding of lan-

guage and numbers, they may be more precisely described, perhaps,
as verbal or linguistic tests of "general intelligence." It will be the

position taken in this chapter that at least for children such tests are,

in the main, measures of "general" scholastic aptitude, i.e., of the

ability to perform well the work of the school. For adults, they are

measures of the ability to perform such occupational tasks as depend

mainly upon schooling. The evidence for this view will accumulate

as we go through the chapter. Suffice it to say that it comes chiefly

from an analysis of the "general intelligence" test itself, and from

experimental studies in which such tests have been employed.
The term "general intelligence" has been taken by most psycholo-

gists to cover a much wider range of behavior activities than those

ordinarily exercised in educational acquisition (58). Thus, Binet (1)

defined intelligence as (1) the tendency to take and maintain a

definite direction; (2) adaptability to new situations and new re-

quirements; and (3) the ability to criticize one's own acts. William

Stern (56) considered an intelligent person to be one who could

adjust his thinking to new requirements, i.e., was mentally adaptable.

Terman (58) has defined intelligence as being essentially the ability

to carry on abstract thinking, while Colvin (58) has emphasized

ability to learn easily and quickly. Woodworth (75) has offered the

following analysis: Intelligent activity, he says, is characterized

(1) by retentivity, or the ability to use facts and activities already

acquired; (2) by ready adaptability to novel situations; (3) by curi-

3
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osity, interest in, and desire to know about things; and (4) by per-

sistence, the trait of sticking to what one begins.

All of these definitions emphasize adaptability to life situations,

except Terman's, which is close to the view taken in this chapter.

Any definition of general intelligence must of necessity be broad

and somewhat loose, because of the very nature of the function itself.

And to measure such a comprehensive function becomes a difficult,

if not an impossible, task. In order to give greater precision to the

concept of general intelligence, Thorndike (66) has suggested that

at least three levels or stages of intelligent activity be recognized.

These "intelligences" he calls the abstract, the mechanical and the

social. Abstract intelligence is "the ability to understand and manage
ideas and symbols, such as words, numbers, chemical or physical

formulae, legal decisions, scientific principles, and the like. . . ."

This is practically the equivalent of what we have called scholastic

aptitude. Mechanical intelligence includes "the ability to learn, un-

derstand, and manage things and mechanisms, such as a knife, a gun,

a mowing machine, automobile, boat, lathe." Social intelligence is

"the ability to understand and manage men and women, boys and

girls, to act wisely in human relations." According to Thorndike, we
should expect social intelligence to be found at a high level in sales-

men, politicians, and clerks; mechanical intelligence in carpenters,

masons, and plumbers; and abstract intelligence in teachers, scholars,

and scientists. Presumably, the "generally intelligent man" would

rank relatively high on all three levels.

While the makers of general intelligence tests have, for the most

part, constructed their tests to measure ability on what Thorndike has

called the abstract level, most of them have not hesitated to call their

products measures of general intelligence. There are probably several

reasons for this. One grows out of the common tendency to think of

intelligence as a faculty or entity (31). Another is the fact that most

test makers have been educators to whom, naturally enough, intelli-

gence is closely synonymous with academic achievement. General

intelligence tests have been most widely, and successfully, used in

colleges and schools (p. 50}. When taken over into business and

industry, such tests have been by no means so successful, especially
when employed to predict aptitude in occupations requiring manual
skill and rather definite personality traits (7). The correlations of

general intelligence tests with mechanical aptitudes (Chapter II) as
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well as with the various social traits (Chapter ///) have proved to

be low or negligible. Hence, the term general intelligence test as

applied to verbal or linguistic test batteries would seem to be clearly
a misnomer, if such tests are to be taken as measures of the general

ability, defined on p. 3. The term has become so well established

in mental-testing vocabulary, however, that we shall continue to use

the term "general intelligence tests." We shall, however, frequently
remind the student of the more precise meaning of the term by using
the qualifying adjective "verbal" as applied to such tests.

TESTS OF GENERAL INTELLIGENCE

Tests of general intelligence on the verbal or abstract level fall

into two main groups: oral or individual tests and written or group
tests. Individual tests are administered privately to one child at a

time and require from thirty minutes to an hour per person. These

scales, while largely linguistic at the higher age levels, involve many
activities of a manipulative and non-language sort at the lower ages.

For young children, therefore, they are not measures of abstract or

verbal ability to such a degree as for older pupils. (See Chapter 77.)

Group or written tests of intelligence are much like the ordinary

school examination. Usually they consist of a booklet containing from

three to ten separate sub-tests, which are administered with definite

time limits for each. Group tests demand facility with language and

ability in calculation; a fund of common information; memory for

what one has learned; and ingenuity in seeing relations and in using

symbols in the solution of problems. These are much the same abil-

ities called out in school work. In fact, Kelley (33) has shown that

ordinarily about 90 per cent, of the general intelligence test and

the all around school achievement test measures the same functions.

ORAL OR INDIVIDUAL TESTS OF INTELLIGENCE

The individual test of general intelligence, as we know it today,

grew out of the work of Alfred Binet (2). Faced with the practical

problem of identifying feeble-minded and low-grade children in the

Paris schools, Binet, in 1905, in collaboration with the physician,

Thomas Simon, devised a series of mental tests to be used with chil-

dren. These tests were revised and extended in 1908 and again

in 1911.
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Binet's tests marked a real development in the measurement of

general ability for two reasons: first, they were devised to gauge

complex mental processes such as foresight, reasoning, and judg-

ment, instead of simple, sensory-motor functions, such as speed and

accuracy of movement; and, secondly, Binet first introduced the

idea of an age-scale. In an age-scale all of die tests intended for a

given age are grouped together. Tests for seven-year-olds are placed

in the seven-year group, those for eight-year-olds in the eight-year

group, and so on. If a child of eight is able to do correctly all of

the tests up to and including his own age group, he earns a mental

age of eight years. This means that so far as the age-scale is able

to measure it, he has attained a mental development characteristic

of the average child of eight years. Should a child of eight pass the

tests up to and including those of the ten-year level, his mental age
is ten years, or two years in advance of his life or chronological age.

On the other hand, if a child is retarded intellectually one or more

years, his mental age, as found from the scale, will fall below his

chronological age.

Binet's scale, as he left it in 1911, contained fifty-four tests in all.

These were arranged to span the age levels from three to fifteen

years. Binet's plan was to regard a test which could be passed by
from 60 to 90 per cent, of a given age group as suitable for that

age. Five tests were placed in each age group from three to ten

(except at age four where there were only four tests) ; five tests were

placed at age twelve, and five at age fifteen. Five tests were also

set up to constitute an adult level.

While Binet's scale was in a real sense a departure from previous
work in mental measurement, it was at the same time definitely

shaped by two trends then current in psychology. In the first place,

there was the need of securing reliable measures of degrees of feeble-

mindedness; and in the second place, there was an increasing interest

in the problem of individual differences. The history of both of

these movements has been given in detail elsewhere and need not

be repeated here (45). Suffice it to say that Binet's work was focused

on the one hand by the clinical studies upon the feeble-minded of

Pinel, Itard, and Seguin in France and Kraepelin in Germany; and
on the other hand, by the statistical studies of Gallon and Pearson

in England upon family resemblances and the influence of heredity
and environment upon achievement.
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REVISION OF BINET'S TESTS IN AMERICA

Several revisions of Binet's tests have appeared in America: that

of Goddard (1911), that of Kuhlmann (1912 and 1922), the Point

Scale by Yerkes, Biidges, and Hardwick (1915 and 1923), the

Stanford Revision of Terman (1916), and the revision by Herring

(1922). Goddard's revision and the point scale will be considered

briefly. The first is chiefly of historic interest, while the point-scale
method has been largely supplanted in individual testing by the age-
scale. The Terman, Kuhlmann, and Herring Revisions are today the

most widely used individual scales for the measurement of general

intelligence. For this reason these tests will be described in some
detail.

1. Goddard's Revision of the Binet-Simon Tests (1911)
Goddard's (26) revision of Binet's tests was the first translation

and adaptation of this scale to be extensively used in America. God-

dard shifted the age location of several of the tests; introduced a

few new tests into the fifteen-year group ; and adapted the terminol-

ogy and content of the scale for use with American children. This

scale was widely used until the appearance of the Stanford Revision

in 1916.

2. The Yerkes-Bridges-Hardwick Point Scale (1915)
In the Yerkes-Bridges-Hardwick Point Scale (77) the separate

tests are arranged in an ascending order of difficulty, instead of

being grouped at age levels as in an age-scale. Credit points are

assigned for passing each test in the scale, the number of points

depending upon the number of items in the test. Thus, the total score

for the memory span for digits test, which consists of five items, is

five points. The Yerkes-Bridges-Hardwick Point Scale, while it makes

use of Binet's tests, differs from Binet's scale both in method and

scoring. These authors objected to Binet's plan of grouping tests into

age groups, and also to his method of scoring a test as either right

or wrong, without allowing partial credits. The Point Scale consists

of twenty tests, of which nineteen were taken from Binet. A child

taking the test is given so many points for each test passed, partial

credits being allowed according to the number of items in each test.

The total number of points earned out of a possible maximum of

100 is the basis for the child's mental rating. If a boy of nine whose
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native language is English scores fifty-six points, for example, his

mental age is nine yeais, as fifty-six is the norm for English-speaking

nine-year-old boys. As a measure of relative standing, or bright-

ness, the authors employed a Coefficient of Intellectual Ability

(C.I.A.), which is obtained by dividing a child's earned score by the

standard score or norm for his chronological age. In the illustration

given above, the CJ.A. of our nine-year-old boy would be 56/56, or

1.00. If, however, this child had been twelve years old, the standard

score or norm for which age is seventy-five points, his C.I.A. would

have been 56/75, or .75. Separate norms or standard scores have

been calculated for English- and non-English-speaking children, for

the sexes, and for good and poor social environment, since the

authors contend that a child's rating is influenced by all of these

factors.

It is possible to change scores from the Point Scale into mental-

age equivalents which have much the same meaning as the M.A.

obtained from an age-scale. A correlation of .87 in a group of about

300 female delinquents (adults) has been obtained between scores

on the Point Scale and Stanford-Binet I.Q.'s (19).

In 1923, a revision of the Point Scale was undertaken by Yerkes

and Foster (76). Only a few slight changes were made in the orig-

inal scale. However, an infant scale, consisting of twenty-two tests,

was added for children seven years old and below, and an adolescent-

adult scale of twenty items for those above thirteen. These extensions

were made because the Point Scale, although intended for children

from three to sixteen years old, had proved to be most effective in

the age range from seven to thirteen years. The new scales are still

somewhat provisional, however, their standardization being as yet

tentative.

3. Stanford Revision of the Binet-Simon Tests (1916)
The Stanford Revision of the Binet-Simon Tests is the most widely

used age-scale (60, 64). In many respects, too, it is the most valuable

individual intelligence test. This revision was made by L. M. Terman
and his associates at Stanford University, from which the scale gets

its name. The reasons for undertaking a revision of Binet's tests are

given by Terman as follows: (1) the original tests were too few

and too difficult at the upper age levels and too easy at the lower

age levels; (2) the directions for giving the tests were often in-
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definite; (3) many tests were misplaced in the scale, some being too

far up and others too far down.

Two scores are obtained from the Stanford Revision. The first is

the Mental Age, or M.A., and the second is the Intelligence Quotient,
or LQ. The LQ. is the mental age divided by the chronological age,
and is a measure of brightness, as contrasted with the mental age,
which is a measure of mental status. The two measures are supple-

mentary, each giving distinctive information. Thus, a child of eight

years and a man of forty may each have a mental age of eight years,

i.e., be of the same intellectual status as far as the tests are con-

cerned. But the child has an LQ. of 100 (8/8) and is normal, while

the man is feeble-minded, with an LQ. of 50 (8/16) (p. 24).

4. Characteristics of the Stanford Revision

The most important facts relating to the Stanford Revision, or

Stanford-Binet, as it is often called, may be summarized as follows:

(a) Data: There were 2,300 subjects in all, consisting of 1,700 normal

children, 200 defective and supeiior children and 400 adults.

(b) Method: (1) All of the data on each test for each age group were

assembled, i e., the per cent, passing, comments and notes of examiners,

etc., and three provisional scales drawn up before the final revision was

made; (2) forty new tests in addition to .the original Binet tests were

tried out, the plan being to have six tests, valued at two months each,

placed at each age level; (3) the positions of the tests in the scale

were made to depend upon the answers of approximately 1,000 native-

bom children of average social status, five to fourteen years old, and

each within two months of a birthday; (4) to secure uniform results

one-half year was spent in tiaining examiners and another half year
in supervising the giving of tests.

(c) Placement of Tests: The ultimate goal was to secure an arrange-

ment of tests at each age which would make the median mental age

coincide exactly with the median chronological age. Thus, the average

child of six should test exactly at age six on the scale; the average

child of eight exactly at age eight, etc.; or, to say the same thing

differently, the median intelligence quotient at each age should be 100.

When the distributions, in the preliminary scoring, gave a median LQ.

above or below 100 for a given age group, the tests were shifted up or

down, or the scoring changed, until the median M.A. equaled the

median C.A.

(d) Validity of Tests: To be included in the scale, each test had to show

an increase in the percentage of children passing it from one year to

the next. All of the children tested were divided into three groups on

the basis of total score: those below 90 LQ.; those 90 to 109 inclusive;
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and those 110 and above. Each test was then examined to see if it

showed a decidedly higher per cent, of passes from the inferior to the

superior group, and only those tests which passed this ciiterion weie

considered adequate. A high correlation between I.Q.'s and quality of

school work was set up as a third criterion. School achievement and

teachers' ratings were consideied to be valuable indices of intellectual

ability, to which any intelligence scale must be i elated.

(e) Reliability of Tests. The reliability of the Stanf01 d-Bmet scale as

measured by its self-cori elation will vary, of course, with the size and

character of the group, but it ranges usually from .80 to .95 (33).

The P.E. of an I.Q. is approximately three and one-half points, which

means that at least 50 per cent, of the children tested by the scale will

be within three and one-half points of their true I.Q.'s (44).

(f ) The Final Revision. In its final form, the Stanford-Bmel contained

ninety tests, thirty-six more than the Binet scale. Six tests, each valued

at two months, were placed at the ages from three to ten; eight tests

valued at three months each were placed at age twelve; six tests valued

at four months each at age fouiteen; six tests valued at five months

each at age sixteen, the aveiage adult level, and six tests valued at six

months each at age eighteen, the superior adult level. Alternate tests

to be used when, for some reason, one of the regular tests did not

apply were placed at each age level, except at age twelve and superior
adult.

5. The Kuhlmann Revision of the Binet Tests (1922)
Kuhlmann's first revision of the Binet-Simon tests was published

in 1912 (37), and followed closely the original scale. His second

revision, in 1922 (36), which is the one usually considered, made
the following changes and additions:

(a) Nineteen tests judged to be unsatisfactory were eliminated.

These tests, such as naming the days of the week, counting thirteen

pennies, giving the age, writing and reading were considered to

depend too much upon variable factors of training to be good

intelligence tests.

(b) Scoring was made more objective, in terms of errors and
time wherever possible, in order to exclude the personal element

of judgment.

(c) The scale was extended down to the three months' level.

Five tests were placed at three months; five at six months; five at

Year 1; five at eighteen months; and five at Year 2. The maximum
mental age was set at fifteen years instead of at sixteen as in the

Stanford-Binet.

(d) Above the two-year level the number of tests at each age
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was increased to eight. This was to allow more flexibility in the

use of abbreviated forms of the scale.

(e) The revision was based on the records obtained from some

7,000 children tested over a period of seven years.

As in the Stanford-Binet, two scores are obtained from the Kuhl-

mann Revision, the M.A. and the I.Q. With normal children, these

measures have practically equivalent meanings in the two scales. The
Kuhlmann Revision has been widely used with older children, but

has found its chief use with very young children. The reliability of

this scale as determined from retests upon 300 children, two to four

years of age, was .81 =*= .01 (27).

6. The Herring Revision of the Binet Tests (1922)
The Herring Revision (29) is a point scale made up of tests

adapted for the most part from the Binet and the Stanford-Binet

Scales. Several new tests were also added. In all there are thirty-

eight tests in this scale, most of them involving language and fairly

complex verbal relations. The scale is subdivided into five groups:
tests 1-4 called Group A; tests 1-13, Group B; tests 1-22, Group
C; tests 1-31, Group D; and tests 1-38, Group E. A score can be

obtained from each group of tests separately. Tables have been

provided from which the points scored may be translated into mental-

age equivalents. A mental age can be determined from Group A
alone, or from Group B, C, D, or E. The score in the first group
determines the tests which, are to be given in successive groups, thus

making it unnecessary to administer all of the tests to a given subject.

The Herring Revision will prove valuable as an alternate scale

to be used in place of the Stanford Revision. The scale was validated

against Stanford-Binet and ratings from it have much the same value

as Stanford-Binet M.A.'s and I.Q.'s. The correlation between Stan-

ford-Binet M.A.'s and Herring Group E M.A.'s (i.e., whole scale)

is reported by the author to be .98, in a group of 116 children, all

twelve years of age; and .99 in a group of 154 children, four

to eighteen years old. In the case of very bright children, Herring-

Binet M.A.'s and I.Q.'s do not correspond so closely to Stanford-

Binet values as they do for average children (8). The reliability of

the Herring-Binet Scale (Group E I.Q.'s) was .99 in a group of

eighty-two children.

For the most accurate results it is advisable to give the Herring-
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Binet through Groups D or E. This scale has the advantage of being

one of the easiest individual tests to administer. Instructions for

giving and scoring the separate tests as well as directions for obtain-

ing M.A.'s from point-score values are clearly set forth in the man-

ual. Herring Revision of the Binet-Simon Tests, Examination Manual

Form A y World Book Company, Yonkers, New York.

ADMINISTRATION OF THE STANFORD AND KUHLMANN REVISIONS

1. The Stanford Revision of the Binet Tests

Full directions for giving the Stanford Revision of the Binet-Simon

Scale as well as a discussion of the meaning and value of the sepa-

rate tests will be found in Terman's book, The Measurement of

Intelligence (60). For those who are well acquainted with the test

and need only the directions in a simple form, The Condensed Guide

for the Stanford Revision of the Binet Tests will be useful. Test mate-

rials and booklets for recording answers may be purchased from

the Houghton Mifflin Company, New York City.

In scoring the Stanford-Binet Scale the Examiner first locates the

"basal age," that is, the age at and below which all of the tests are

passed. Additional credits obtained by passing the tests at successive

year levels are then combined with the basal age to give the final

M.A. rating. Ordinarily, there are six tests at a given age level, each

test having a value of two months on the age scale. If there are fewer

than six tests, as there are at the upper year levels, each test is given

proportionally greater weight. To illustrate the scoring procedure,
if a child passes all of the tests at Year 8 and below, three at Year

9, and one at Year 10, his M.A. is 8 years (basal age) +3X2
months, + 1X2 months, or 8 years and 8 months. If the child's

chronological age (C.A.) is 8 years 2 months, his LQ. is 106, i.e.,

104 mos.

98 mos.

The maximum mental age which can be achieved on the Stanford-

Binet is 19.5. This M.A. is obtained when an individual passes all

of the sixteen-year tests, earning a basal age of 16.5
1

years, and

then passes all of the eighteen or superior adult tests. There are six

tests at the eighteen-year or superior adult level, each carrying a

1 There are six tests at Year 16, each with a value of five months (total 25 years).
If an individual passes all the tests at Year 14, and then, in addition, all of the tests at

Year 16, his M.A. is 14 + 2.5 or 16.5 years.
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credit of six months' M.A. Hence passing all six of these tests in

addition to those at Year 16 gives the individual 3.0 additional

years' credit, or a total of 16.5 + 3.0 or 19.5 years.
No one should attempt to administer the Stanford Revision until

he has had at least one course in mental testing preceded by a sub-

stantial background in psychology. This requirement is doubly nec-

essary because the tests seem so easy to give. The purpose of a mental

test is to discover, not what a child can do when prodded or aided by
the examiner, but what he can do under strictly controlled conditions.

The trained examiner knows the directions for giving the tests "by
heart"; he studies the child's reactions and not his instruction book.

Furthermore, and more important, he knows how to interpret his

results. Children's abilities are not evenly developed. One child will

do particularly well on a memory test, another on tests involving

numbers, still another on tests of language and vocabulary. Again,
two children may earn the same mental age, but the one will "scatter"

widely up and down the scale, while the other passes few tests above

his final level. All of these idiosyncrasies are important and sig-

nificant. There is no reason why the average teacher cannot learn

to give the Stanford Revision accurately. But to do so she must lay

aside her role as teacher and become an examiner. Also, she must

be technically prepared for the work. The well-intentioned but un-

trained amateur does far more harm than good when she administers

and tries to interpret a test which she does not fully understand.

2. The Kuhlmann Revision

Directions for giving the Kuhlmann Revision, instructions as to

the conduct of the examination, rules for finding an I.Q., and tables

to facilitate the calculation of I.Q.'s are contained in Kuhlmann's

A Handbook of Mental Tests (36). Test materials may be purchased

from Warwick and York, Inc., Baltimore, Maryland.

Even more than in the case of the Stanford-Bmet is it necessary

for one to have training before attempting to administer the Kuhl-

mann Revision. The material employed is considerably more detailed

and complex than in the Stanford-Bmet, and the calculation of the

I.Q. is more involved. Since this test is used widely with young chil-

dren, the examiner must know directions and procedure thoroughly.

It seems probable that the author intentionally made his testing tech-

nique intricate in order to discourage untrained examiners.
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CHARACTERISTICS OF THE AGE-SCALE

1. Meaning and Significance of the M.A. and LQ.
Since it is a measure of mental status, mental age will ordinarily

change with advances in chronological age. As a child grows older,

his mental age keeps pace with his chronological age if he is normal

or average in mental ability, exceeds it if he is advanced, and falls

behind it if he is retarded. The effect of an age increase upon the

LQ. is very different from its effect upon mental age. The LQ. is

a measure of relative brightness, and hence when a child's position

in his age group has once been defined by his LQ., this relationship

must be maintained as age increases if the LQ. is to be of value.

If, for example, a boy has been classified as bright, normal, or dull,

he must retain this classification at succeeding ages, since a scale

would obviously be quite useless if the same child tested bright at

age eight, normal at age nine, and dull at age ten. The question of

whether the LQ. remains constant with increasing age becomes ex-

ceedingly important when we are dealing with age-scales like the

Kuhlmann or Stanford-Binet. There are two angles from which the

problem may be attacked: the one theoretical and the other practical.

First, does mental progress, as measured by the age-scale, follow

a growth curve which will give a constant LQ.? Secondly, does the

LQ. calculated from the age-scale really turn out to be constant in

actual practice? We shall consider these two problems in order.

2. Theoretical Requirements for a Constant LQ.
Suppose that a child of five earns an M.A. of six on the Stanford-

Binet Scale, giving him an LQ. of 120 (6/5). Five years later, when
this child is ten years old, his M.A. must be twelve if his LQ. is to

remain at 120. In other words, in order for this child's LQ. to

remain constant he must be two years advanced at age ten if he was
one year advanced at five. This means that acceleration in mental

growth is twice as great at year ten as at year five, or else that the

mental age unit decreases as the child grows older, so that two years
of mental growth at age ten equals one year of mental growth at age
five. In order to decide which of these alternatives fits the Binet

scale, we shall investigate the characteristics of the mental growth
curve over the interval spanned by the Binet tests.

Figure 1 shows a hypothetical mental growth curve which will

give a constant LQ. Two characteristics of this age-progress curve
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Figure 1. HYPOTHETICAL GROWTH CURVES WHICH
GIVE A CONSTANT I.Q.
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Figure 2. HYPOTHETICAL GROWTH CURVES WHICH
GIVE A CONSTANT I.Q.
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must be carefully noted. First, the M.A. is represented as a constant

unit on the vertical axis, the C.A. being shown as a constant unit on

the base line. Secondly, the "curve" of normal or average growth

is a straight line from which the "curves" of superior and inferior

ability (also straight lines) diverge more and more as time goes on.

This regular and increasing divergence of the upper and lower

growth lines represented by an increasing spread (SD) of the test

scores at succeeding ages accounts for the constant LQ. To illus-

trate, consider the hypothetical child whose mental age at age five

is six, his LQ. being 6/5, or 120. As shown by the upper line of

growth, the LQ. of this child will also be 120 at age ten, provided

his rate of growth is maintained, his M.A. at age ten being twelve

years. Similarly, a child whose LQ. at age five is 80 (4/5) will

have an LQ. of 80 (8/10) at age ten, if his slower rate of growth
is held. His M.A. at age ten is eight years. In both of these cases, the

LQ. is kept constant by the fact that one year of mental age at five

corresponds to two years of mental age at ten. The LQ. of any child,

superior, normal, or inferior, will remain constant over the age-

interval spanned by the tests, as long as test scores exhibit increasing

spread at succeeding ages, and growth is represented by straight

lines.

Figure 2 shows another hypothetical mental growth curve which

will yield a constant LQ. The first important characteiistic to note

here is the steady decrease in the unit of mental measuiement as

chronological age increases. The second is the logarithmic shape of

the growth curve. As in Figure 1, the middle curve pictures normal

or average growth in mental ability, the upper and lower curves,

superior and inferior ability, respectively. All three curves exhibit

negative acceleration, i.e., bend in more and more toward the base

line, the middle curve becoming parallel to the base line at approxi-

mately fourteen years. It will be noted that the spread (SD) of the

test scores at succeeding ages is constant, as shown by the distance

between the curves measured by lines perpendicular to the base line.

The increasing spread of test scores shown in Figure 1 is offset in

Figure 2 by the decrease in the mental unit of measurement (i.e.,

the M.A.) ; and it is this steady and regular decrease in the mental

growth unit with the subsequent bending-in of the growth lines which

gives the constant LQ. As before, a child aged five who tests six on

the scale, with an LQ. of 120, will at ten years of age test twelve.
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His LQ. remains constant at 120, provided his original rate of

growth is maintained. In like manner, a child whose LQ. at age five

is 80 (M.A. four) will at age ten have an LQ. of 80 (M.A. eight),

provided his slower rate of growth remains constant.

3. The Mental Growth Curve of the Stanford-Binet

If we consider the Stanford-Binet Scale in the light of the previ-
ous discussion, it will be evident that its data must follow the type
of growth curve shown in Figure 1. Binet M.A.'s of six, seven, and

eight years, it must be remembered, simply represent the average
scores made by unselected six-, seven-, and eight-year-old children.

If the average seven-year-old child scores 35 on a test, and the

average eight-year-old 42, a score of 35 represents an M.A. of seven

years, and a score of 42 an M.A. of eight years. A year of mental

age, therefore, must correspond to a year of chronological age, be-

cause of the way in which the age-scale is constructed; and if we plot
Binet M.A.'s against C.A.'s, the relationship will necessarily be

linear (straight line), as in Figure 1. The spread of scores in the

Stanford-Binet Scale at succeeding ages (in terms of the M.A. as

unit) becomes steadily greater as we go up the age-scale. Terman

(64), for example, found that the middle 50 per cent, of his six-

year-olds fell within a range of ten mental months around the

median child of that age; the middle 50 per cent, of ten-year-olds

within a range of sixteen mental months around the median ten-year-

old child; and the middle 50 per cent, of fourteen-year-olds within a

range of twenty-six mental months around the median fourteen-year-

old child.

The LQ. of a child of nine, therefore, is comparable to the LQ.
of a child of six or ten, because the age-progress curve of the Stan-

ford Revision is a straight line with diverging inferior and superior

growth lines, as shown in Figure 1. The LQ. from such a scale will

remain constant over the interval to which the scale applies. In terms

of I.Q., as measured by Stanford-Binet, the middle 50 per cent, of

the children at each age between four and fourteen fall roughly

within eight to ten points above and below the median LQ. of 100.

Given two children, both of whom have I.Q.'s of 110, each is in the

same degree superior to the median child of his own age group.

It cannot be too much emphasized that the LQ* of the Stanford-

Binet will remain constant only over the age range to which the
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scale is applicable. As we have pointed out, the M.A. is an arbi-

trary unit, being simply the C.A. corresponding to an average score.

If the average scores of successive age groups cease to show pro-

gressive increases, the M.A. ceases to be a useful measure, since it

no longer serves to differentiate one age group from another. When
a scale records the M.A.'s of eleven-, twelve-, thirteen-, and fourteen-

year-old children as being, in each case, twelve years, say, it no

longer separates one age group from another in terms of perform-
ance. Moreover, when successive age groups no longer show increased

scores, the mental growth curve can no longer remain a straight line,

but must bend in toward the X-axis or base line. This is actually

what happens in the case of the Stanford-Binet Scale. Logically, it

seems unduly optimistic to expect mental growth to progress indefi-

nitely along a straight line. Data employed by Terman in standard-

izing the upper levels of the Stanford-Binet Scale support this con-

tention experimentally. Terman (64) reports the mean M.A. of

thirty-two high-school students, with a mean C.A. of eighteen years,

to be 16 =*= .67 year on the Stanford-Binet Scale; and the mean
M.A. of 180 adults, tested by Knollin (33), to be 14.1 == 1.38 years.

These results show clearly that the Stanford-Binet ceases to differ-

entiate in terms of M.A. somewhere between fourteen and eighteen

years. Hence, an adult of thirty or forty will perform no better on

the scale, ordinarily, than a child of fourteen or sixteen. Basing his

conclusion on all of his available data, Terman set sixteen years as

the point where the average person is "mentally mature" according
to the Stanford-Binet Scale. This means that the curve of mental

growth for the Stanford-Binet is no longer a straight line beyond

age sixteen, but tends to become parallel to the X-axis close to this

point.

It is sometimes not clearly understood that the failure of the Binet

and its derivatives to differentiate in terms of M.A, beyond the early

'teens makes it impossible for the I.Q.'s of supexior children to

remain constant. Mental age, however, inevitably lags farther and

farther behind chronological age as the superior child glows older.

The maximum mental age which an adult can earn on the Stanford-

Binet Scale is nineteen and one-half years. (See p. 12.) Hence, the

maximum I.Q. which an adult can achieve, no matter how bright he

may be, is 19.5/16, or 122 (p. 9). If a child of four has a mental

age of eight, his I.Q. is 200. Since the maximum mental age which
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this child can earn is 19.5, his I.Q. will remain constant, assuming
mental growth to continue at the same rate, until he is nine years
nine months old, when his I.Q. is 19.5/9.75, or 200. After he is

ten years old, the I.Q. of this child must necessarily decrease below

200, becoming 122 when he is an adult. This drop in I.Q. is inherent

in the age-scale, and applies only to superior children. With normal
and retarded children the scale does not show this inadequacy, since

the M.A. in such cases is never greater than the C.A.

Let us summarize briefly the results of this rather long discussion,

(a) The I.Q. of the Binet tests and their revisions is theoretically
constant up to the early 'teens because the standardization of the

age-scale results in a straight-line growth curve, with diverging
inferior and superior lines of growth, as pictured in Figure 1. (b)
From about age fourteen on, however, there is no longer a corre-

sponding increase in Binet M.A. with increase in C.A. At this point
the ratio M.A./C.A., or I.Q., is no longer a valid measure of mental

capacity, and the growth curve becomes parallel to the base line.

The failuie of the age-scale to record further increases after fourteen

to sixteen years may be owing to the fact that mental growth in the

functions measured has actually reached a maximum. A more prob-

able explanation is that simple verbal tests are no longer capable

of measuring increases after the early 'teens, having reached here

the limit of their ability to differentiate one individual from another,

(c) The I.Q. technique should not be employed with superior chil-

dren in their 'teens, nor ordinarily with normal or superior adults.

4. The Curve of Mental Growth When Measured in Equal Units

As pointed out in the preceding section, mental growth as pictured

by the Binet tests cannot be represented by a straight line after the

early 'teens (fourteen to sixteen years). This finding suggests that

the progress of mental growth with age, if measured in terms of a

unit more stable than M.A., might be more truly represented by
such a curve as is shown in Figure 2. Probably the most nearly "true"

picture of mental growth as measured by such tests as the Binet is

shown in Figure 3. This curve was drawn by Thurstone (69) from

a mathematically determined absolute zero, the successive increments

of mental growth from year to year being measured in terms of a

constant achievement unit. The data, upon which the curve is based,

consist of records from more than 3,000 normal and defective Lon-
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don school children measured by Burt (6) upon an adaptation of

the Binet scale. Thorndike's curve in Figure 4 (68), which is based

upon results from his CAVD Examination (p. 36), also depicts the

relationship of age to general intelligence when intelligence is meas-

ured in equal units. These two growth curves are far moie authentic

than the ordinary curve of performance with age, drawn from some

arbitrary starting point (say three years), and plotted in terms of

a growth unit (such as items done correctly or points earned) which

vaiies from year to year. Note that both curves are parabolic in

'Absolute zero =-13.9

7 6 9 10 11 12 13 14 15

dge in Years

Figme 3. MENT\L GROWTH ON THE BINET TESTS MEASURED IN EQUAL UNITS
(THURSTONE [69])

form. Thurstone's curve rises rapidly from 0, and then more and
more slowly to become parallel to the base line at fourteen to sixteen

years. Thorndike's cuive also rises rapidly at first, but does not reach
its level until close to twenty years, owing chiefly to the fact that the

CAVD Examination is able to measure changes in the upper age
levels (p. 37), where the Binet revisions do not differentiate,

It is evident from Figure 3 that a mental year becomes a pro-

gressively smaller and smaller increment as chronological age in-

creases. This means that a child of five who is one year accelerated
in mental age is as far ahead of his age group as is a child of ten



who is two years accelerated. These relations are clearly indicated

in Figure 2.

5. Experimental Evidence for the Constancy of the LQ*
So many experimental studies (71) have been made of the con-

stancy of the LQ. as shown by retests, that we can cite only a few

of the more extensive here. Terman (61) studied the constancy of

the LQ. for 315 children, retested at intervals of from one to seven

years. The majority were retested after an interval of more than

one year, about one-third being measured after five years or more.

I i i t t I f t i i I

5 10 15 20
Years of Age

Figure 4. MENTAL GROWTH ON THORNDIKE'S CAVD INTELLIGENCE EXAMINATION
MEASURED IN EQUAL UNITS (THORNDIKE [68])

Terman's conclusions were (a) that the central tendency of changes
in LQ. is represented by an increase of 1.7; (b) that the middle 50

per cent, of changes falls between 3.3 and 5.7; and (c) that the

P.E. of a prediction based upon a single test is about 4.5 LQ. points.

The reliability coefficient of the Stanford-Binet Scale was .93.

Hildreth (30) has substantiated Terman's findings, in large part,

upon a population of 441 school children. Changes in Stanford-

Binet LQ. were studied in successive retests. The number of times

the test was given to each child varied from two to eight, the chil-

dren's ages ranged from three to eighteen, and their I.Q.'s ranged
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from 80 to 185. The median change in I.Q. was .96 of a point, the

middle 50 per cent, of changes being from 3.5 to 5.7 points. The

correlation between all pairs of tests was .81 =*= .01.

P. Cattell (9), in connection with the Harvard University Growth

Study, has reported the results of letests made on 1,183 children

after intervals of from three months to six years. These findings

are given in Table I. It appears that the short intervals (three to

six months) give on the average an increase of fiom four to five

points in LQ., a change which may be attributed largely to practice.

The average change after six months is negligible. Cattell found a

definite tendency for young children of high intelligence to gain,

and those of low intelligence to lose slightly in LQ. as they grow
older. The tendency of the I.Q. to decrease with age in the case of

feeble-minded children was reported earlier by Kuhlmann (38) as

a result of retests on 639 children over a period of ten years.

To summarize briefly, experimental studies indicate that the I.Q.'s

of normal children remain substantially constant from year to year.

There is a tendency, however, for bright young children to gain and

dull children to lose slightly in LQ. with age increases. This does

not contradict our earlier statement (p. 18} that the I.Q.'s of bright

children tend to decrease, at the upper-age levels, owing to the

nature of the scale.

TABLE I

MEDIAN BINET I.Q CHANGES AFTER VARYING INTERVALS OF TIME

(from P. Cattell [9])

Median
Months between Tests No. of Cases Differences P.E.

0-3 18 +5 1.1
3- 6 ... ... 54 -f-38 8
6-12

12-18 . . .

18-24- . . .

24-36
36-48
48-60
60-72 . ..

0-72 . ...

308 H-0 2 4
174 +20 6
64 -05 09
92 -02 09

293 -2 7 4
51 +1 1 5

329 -0 1 1.

1383* -0 02 0.22
* Some children were used in more than one comparison

6. Factors Affecting the Constancy of the LQ.
Authorities are not fully agreed as to the influence of variations

in physical growth upon measures of general intelligence. Among
the many factors which may affect the constancy of the LQ., we
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may list as obviously important (a) irregularities in physical and
mental growth; (b) physical defects, diseases, etc.; (c) practice
and coaching; and (d) environmental influences. Dearborn (16) and
Gesell (25) have both reported cases of children whose physical
and mental growth has apparently slowed down markedly, and later

shown a sudden spurt; and children in whom a slowing down of

mental growth has not been later repaired. Such cases as these are

associated usually with decided physical and nervous symptoms (6).
It is obvious that severe sensory handicaps, such as deafness and

blindness, will affect intelligence test results directly, but the ordi-

nary diseases and afflictions of childhood seem to have little deleteri-

ous effects. M. C. Rogers (50) reported no significant improvement
in ihe I.Q.'s of twenty-eight children retested six months after the

removal of diseased tonsils. Even twelve months after the operation
there was little change in I.Q. Fox (20) in a study of twenty-two

children, mostly thyroid cases, found little effect upon I.Q. of glan-

dular therapy, the net gain after treatment being 1.5 points.

Graves (28) has made a very thorough study of the effects of

coaching upon Stanford-Binet LQ. Definite coaching upon the tests

themselves gave decided increases of as much as thirty-two months

in mental age. After twelve months the effects of coaching still per-

sisted, the coached group being slightly superior to the control group.

Since intelligence test booklets have been widely disseminated,

examiners must guard against the possibility that a child has been

definitely prepared for an intelligence test.

The effects of environmental influences upon general intelligence

tests are so wide and varied that they can be indicated here in a brief

way only. In a study of the effects of language handicaps upon

intelligence tests, Mead (42) administered the Otis Test of general

intelligence to 276 Italian and 160 American school children in

Grades 6 to 10 in a small New Jersey town. On the basis of the

amount of English spoken by their parents in the home, the Italian

children were divided into the following four groups: only Italian

spoken at home; mostly Italian with some English; mostly English

with some Italian; and only English. The mean test scores of these

four groups were 65, 70, 74, and 81 a steadily increasing mean

score with the amount of English spoken. The Italians were closest

to the American score in the Arithmetic Test, and farthest removed
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in the Proverbs Test. These results indicate the importance of com-

parable language background in comparing groups or individuals.

Klineberg (35) has shown the necessity of considering differences

in culture, training, and temperament when evaluating mental test

performance. Burks (5), and Fieeman (21), whose studies are

reported in some detail in Chapter V (p. 189) ,
have demonstrated the

effect of home environment upon intelligence test ratings. Whenever

children have had much the same social, educational, and recrea-

tional opportunities, one is usually justified in classifying them on

the basis of mental test ratings as retarded, normal, or bright in

verbal or abstract intelligence. But the examiner must always remem-

ber that comparisons are permissible only when environmental dif-

ferences are absent, or at least negligible.

7. Mental Maturity as Measured by the Age-scale

Kuhlmann located the M.A. for the average adult at fifteen years
on his scale, while Terman located the average adult level at sixteen

years and the superior adult level at eighteen years on the Stanford

Revision (64). In order to find the I.Q. of an adult (i.e., to compare
his brightness with that of the normal) we divide the mental age
earned on the scale by fifteen, if the Kuhlmann, and by sixteen if

the Stanford-Binet is used, whether the individual is twenty-five,

forty, or sixty years of age. A man of forty who earned an M.A. of

ten years on the Stanford-Binet would have an I.Q. of 10/16, or 63,

and would, accordingly, be feeble-minded.

Other psychologists have placed the normal adull level somewhat

lower than fifteen or sixteen years. Thus Pintner (45) puts it at

fourteen years, and Dearborn (16) at fourteen and one-half years,

these lower levels being more in accord with the Army Alpha results

(p, 34). In setting the point at which general intelligence "matures"

at a given age, psychologists do not imply that all mental or intel-

lectual growth stops at this point. All that is meant is that for most

adults, the particular scale employed ceases to record progress be-

yond the given age level.

One must carefully distinguish between normal adult level and

the limits of mental growth on an age-scale. The failure of the Binet

scale and its revisions to measure mental progress beyond the early

'teens is at least in superior individuals owing to a lack of dis-

criminating tests at the upper levels rather than to a marked slowing
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down in mental power. When adequate scales are available, the evi-

dence is that at least the ability to learn increases up to the early
twenties or beyond (65).

In a study of more than 8,000 high-school students in Grades 9
to 11, Thorndike (67) found steady score increases from ages four-

teen to eighteen upon an extensive battery of mental tests. Teagarden
(59), who tested 408 children twelve and one-half to twenty years
old with Stanford-Binet and several group tests, found increases on

Stanford-Binet up to eighteen years. It should be noted that the

upper-age groups were small, however, and probably selected, and

that the test gains were slight. Increases in score appear upon CAVD
up to about twenty years of age (68) .

The results just quoted are based upon the performance of indi-

viduals of above-average ability. In less highly selected groups
there is little, if any, increase in general intelligence test score with

age, above fourteen to sixteen years. This is shown in an extensive

study of change in mental test score with age, conducted by H. E.

Jones (45). Jones' sample embraced 1,151 individuals from eleven

to fifty-four years of age, all resident in a rural New England com-

munity. It represented a good cross section of native white American

stock. Median scores on Alpha rose steadily up to fourteen years.

From fourteen to sixteen the gain was twelve points ; but after sixteen

the medians remained at the same level, with minor fluctuations, up
to about forty years.

High-school and college students, who have already been selected

for abstract ability, will continue to show increases upon an adequate

scale beyond fourteen or even beyond sixteen years. But the large

majority of the general population, 40 per cent, of whom drop out

of school by the eighth grade, is more fairly represented by an adult

level of fourteen to sixteen years on verbal or abstract tests of gen-

eral intelligence.

8. Distribution of LQ.'s in the General Population

The distribution of I.Q.'s for 505 unselected children on the Stan-

ford Revision (60) is shown in Figure 5. This distribution follows

closely the normal or probability distribution. The various degrees

of intelligence as given by the scale are grouped around 100 LQ.

as the central point, decreasing gradually toward the upper and

lower extremes. As there are no sharp lines of division from one
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group to another, the classification of children into normal, superior,

and inferior groups is an arbitrary matter and if strictly adhered

to may lead to injustice. Certain broad divisions, however, have been

made by psychologists, and these may be followed as a general guide.

The number and percentage of children in the general population
which may be expected to fall within each classification are given
in Table II. It will be noted that children who test below 70 I.Q. are

"

56-65 GG-75
"

76-85 86-95 56-105 "106-115 "116-125 126-135 136-145"

Figure 5. DISTRIBUTION OF LQ.'s (STANFORD-BINET) IN THE GENERAL POPULATION

classified as feeble-minded. The percentage of children in this or

any other category must not be thought of as constant, however, for

it depends directly upon the selection and general character of the

group tested.

TABLE II

APPBOXIMATE DISTRIBUTION OF I Q 's IN THE GENERAL POPULATION

(from Sandiford [53])

Classification I.Q.
"Near" genius or genius. ... Above 140
Very superior. . . 120-140
Superior 110-120
Normal, or average . . . . 90-110
Dull, rarely reported as feeble-
minded . 80-90

Border-line, sometimes dull,
often feeble-minded . . . 70-80

Feeble-minded Below 70

Percentage of All

Children Included

.25

6 75
13 00
60 00

13 00

6 00
1 00
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9. Value of the LQ. in School Work
The correlation of Binet LQ. and school achievement has been

found to vary from about .40 to .75, the exact degree of relationship

depending upon the size of the group and the ages of the children

measured (45). One reason for the substantial correlation between

LQ. and school achievement may be found in the way in which the

age-scale was validated. In constructing the Stanford-Binet Scale,

Terman used school success as one check upon the validity of his

tests (p. 10} . Terman (64) obtained a correlation of .45, for instance,

between teachers' ratings for school wTork and the I.Q.'s of 504 chil-

dren, ranging from below 80 LQ. to above 120 LQ. Many later

investigations have been made of the correlation between Binet LQ.
and school work. Of these studies we shall cite a few representative
ones in which the correlations were based upon samples large enough
to give trustworthy results. Dickson (17) has reported a correlation

of .73 between ratings for school work and the mental ages of 149

first-grade children. Proctor (48) obtained a correlation of .55

between Stanford-Binet LQ. and school marks in a group of 102

high-school pupils. Burt (6), using an adaptation of the original

Binet Scale, obtained a correlation of .68 (age variability held con-

stant) between Binet M.A. and school achievement in a group of

300 London school children, seven to fourteen years old. Witty and

Taylor (72) obtained an r of .63 between Binet M.A. and educa-

tional achievement in a group of 522 children in Grades 4 to 6.

Freeman, et aL (21), report an r of .70 between a school-achievement

index and Stanford-Binet LQ. in a group of 348 children.

M. V. Cobb (11) has made an extensive study of the relationship

existing between LQ. and school marks in a group of 1,016 public

school children. School marks were reported as A, B, C, D, and E,

denoting respectively excellent, good, passing, conditioned, and

failed. The correlation (which was calculated by the writers) between

marks and LQ. is .74. Only four children below 70 LQ. made pass-

ing grades, while only two above 90 LQ. failed outright.

The correlation between school achievement, as measured by
standard educational tests, and general intelligence, as measured by

group tests, is usually even higher than the correlation between

school marks and individual intelligence tests. Kelley (33) has

shown that the estimated true correlation between general intelligence

as measured by the N.LT. and school achievement as measured by
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the Thorndike-McCall Reading Test and the Woody-McCall Arith-

metic Test was .93 for 200 children in Grades 4 to 8. Other correla-

tions cited by the same author between tests of general intelligence

and the Stanford Achievement Test show equally high relationships.

These latter results are especially valuable as showing the "com-

munity of function" in general intelligence tests and measures of

school achievement, because standard educational tests are far more

reliable than school grades (p. 58).

The real reason, of course, for the marked relationship between

school achievement and LQ. is that both tap the same abilities. As

pointed out above, the Binet Test and its revisions are concerned pri-

marily with the measurement of abstract or verbal ability, especially

in the ages above seven years. Tests of vocabulary and word meaning,

as well as tests of the comprehension of language and language rela-

tionships, play an important part both in school work and in deter-

mining a child's LQ. Terman remarks that the vocabulary test has

"far higher value than any other single test on the scale" (60). He
states further that "our statistics show that in a large majority of

cases the vocabulary test alone will give us an intelligence quotient

within 10 per cent, of that secured by the entire scale." A correla-

tion of .91 between the Stanford-Binet Vocabulary Test and Stan-

foid-Binet M.A. has been reported by Terman in a group of 631

children, Grade 1 to first-year high school (62). This r is "inflated"

because of the wide age range (M.A.'s range from five and one-half

to nineteen years) and of the fact that the vocabulary test is a com-

ponent part of Stanford-Binet M.A. But the correlation would doubt-

less still be very high in a more homogeneous group, as shown by
r= ,82 between vocabulary and Stanford-Binet LQ. obtained by
Burks (5) in a group of eighty-seven children in which the age-

variability factor was controlled.

The LQ. is of value in enabling one to discover in a relatively

short time the probable upper limit of scholastic attainment for a

given child. Terman (63) has drawn up the following table (Table

III) which gives the mental age "normally" required to do the work

of the different school grades. Children in grades corresponding to

their mental ages will usually be found doing work of average qual-

ity, while children in grades above their M.A. will experience increas-

ing difficulty. If a child's LQ. is 80, for instance, his maximum mental
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TABLE III

MENTAL AGE STAXDVRDS FOR THE DIFFERENT GRADES

(from Terman, el al [63])

Grade
T

H
Til
IV
V
V[ .

VII
VIII
1st Yr. H S.

age on the Stanford-Binet will be approximately thirteen years. This

means that such a child cannot be expected to do school work suc-

cessfully beyond the seventh grade.

We may set down the educational expectation of children with

different I.Q.'s as follows:

(a) The average child of 60-65 I.Q. remains in the first grade
until he is ten or eleven, reaching the fifth grade when he is about

fourteen or fifteen (his mental age will then be nine years). Although
this child's mental development is inadequate for fifth-grade work

(see Table III), because of his advanced chronological age he is usu-

ally pushed ahead after repeating a grade two or three times. Chil-

dren who are considerably over-age for their grade will usually be

found to have been promoted on the basis of length of service rather

than accomplishment. The child of 60-65 I.Q. is rarely found above

the fifth grade.

(b) The average child of 75-79 I.Q. reaches the fifth grade by
the time he is thirteen and the eighth grade by the time he is sixteen

or seventeen. Ordinarily his education stops here.

(c) The average child of 80-84 I.Q. spends two years in the first

grade and completes the eighth grade, if at all, two or three years

behind schedule. Rarely does he go beyond this point.

(d) The average child of 85-95 I.Q. will ordinarily be about

one year over-age for his grade. Entrance to high school is practically

barred for children under 90 I.Q. If the school is small, however,

so that much individual attention can be given to the child, and if

the standards are not too rigid, a child of 85-95 I.Q. may graduate

from high school by dint of much persistence and the repetition of

many subjects.

(e) Children with I.Q.'s from 95 to 105 constitute about 40 per
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cent, of the elementary school population. If not retarded by illness

or loss of schooling through various other causes, these children will

complete elementary and high school. Even when exceptionally indus-

trious, however, they are not good college material, and probably

should not be encouraged to seek education beyond the high school.

In a survey of more than 6,000 high-school seniors in Indiana, Book

(3) found that almost as many students in the lower intelligence

levels were intending to go to college as in the upper levels. Many
of the brightest children were not preparing for college. The great

need for educational advice and guidance here is obvious.

(f ) Children with LQ/s of 120 and above are usually one to two

years accelerated and reach the eighth grade by the time they are

twelve or thirteen years old. Above 130 I.Q. acceleration may be

even greater. All too often, however, the superior child is kept in a

grade normal for his chronological age because the teacher or prin-

cipal thinks he is too young to be promoted, or because the machinery
of the school is not adapted to extra promotion.

As individuals who are over sixteen years of age are not accu-

rately measured by an age-scale, the I.Q. is of little value in the

upper high-school grades and at the college level. Such tests as have

been made indicate that the I.Q. of the average high-school graduate
is probably close to 110, and that a student with an I.Q. below 90

has little chance of graduating from a first-class high school. Unless

a student's I.Q. is 115 or more it is probably unwise to advise him

to go to college (47).

The intelligence test does not presume to give information beyond
the prospective abilities of the child on the abstract or verbal level.

But, no matter what the nature of the problem, the I.Q. does limit

the field of inquiry. Given two children both failing in school, one

would look for very different causes if the first child had an I.Q.

of 120 and the second an I.Q. of 85. In every case, to be sure,

knowledge of the I.Q. should be supplemented by a study of the

child's personality, home conditions, outside interests, etc., if one is

to advise him intelligently. In the hands of a skilled clinical psy-

chologist, the mental examination will often reveal much concerning
the temperament, home training, attitudes and habits of work of

a child. There are many tests now available which will prove useful

in a study of special abilities, dominant interests and temperamental
and character traits. (See Chapters II and ///.)
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It may be helpful to give several concrete instances of how intelli-

gence tests can be used in the study of definite educational prob-
lems (17).

Harriet S. entered the low first grade at age 6-1; M.A. 5-8; LQ. 93. Her
school progress showed acceleration until she was in the high fifth grade
four years after her school entrance. Here is a case where a child of appar-
ently near normal capacity has made rapid progress. Why? Her teachers'

explanation is that she is an "extremely hard worker." When we add to

this the fact that her scholarship record for five consecutive terms was only
a "Passed" and also the teacher's statement in the high fifth grade that

"she is beyond her depth now," we have evidence of the fact that hard work
cannot take the place of innate mental capacity. Far better for Harriet if

she had been allowed to proceed at the normal rate of progress as indicated

by her mental test. She would have been saved the humiliation of getting
to the place of discouragement where she was clearly "beyond her depth."

Henry (a high-school boy) wished to become a civil engineer. He was
an unusually conscientious, hard-working, over-age boy of seventeen years,
in the second semester of the ninth grade, repeating algebra because his

teacher told him that "he must have a good foundation in algebra in order

to do satisfactory work in the later mathematics required for engineering."
The pathos of the situation becomes striking when we know that this boy,
who spent fruitless hours of labor upon complicated problems in algebra,
had an LQ. of 83, that he had a record of repeated failure in the upper ele-

mentary school, with marks of "good" in conduct and "good" in attendance,

and that in the first semester in high school he had earned barely passing
marks in two subjects and failure in two others. The father, a rather shiftless

carpenter, "didn't care if the boy went to school." The mother, a quiet,

persistent woman, was determined that Henry, who is her youngest and

favorite son, "should get a good education and hold a good job," for his

two elder brothers are now earning a bare living at hard menial labor

"because they didn't like school and quit, one in the fifth, the other in the

sixth grade."
This case is illustrative of a dogged persistence not altogether uncommon

in high-school pupils in which effort that might otheiwise be turned to good
account wastes itself on impossible goals. There is not one chance in 100

that Henry will finish three years of standard high-school work. Why was

he advised to repeat algebra "in order to do satisfactory work in the later

mathematics required for engineering"? Apparently because his mathematics

teacher knew more and thought more about the requirements for civil engi-

neering than he knew or thought about the characteristics of the boy. . . .

This boy and his parents need counsel as to an educational objective more

clearly within the range of probable attainment. . . .

Frances S. entered the low first grade in January, 1918. Chronological age

6-0; M.A. 8-8; LQ. 144 In May of the same year she was promoted to the
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high first grade, and in the next semester completed the woik of that grade
as well as the requirements of the low second. In January, 1922, she had

completed the high fifth with excellent scholaiship. Thus she accomplished
five years' work in four years. Her chronological age dm ing the term in the

high fifth grade was ten years, while her mental age was above fourteen.

The case illustrates the fact that a superior I.Q. furnishes a icliable basis

for predicting accelerated progiess, but that such piogiess all too frequently

does not keep pace with the mental development of the child. Theie develops

an increasing degree of mental over-ageness in the supeiior child who is

given inadequate opportunity for acceleiation.

In concluding this section, it cannot be too much emphasized that

many failures both in elementary and high schools occur among chil-

dren whose general intelligence is adequate to do the work of their

grade* Social and temperamental factors, interest, will-to-do, home-

training, lack of stimulating surroundings, all contribute to many of

these failures. Health may also be an important consideration (32).

GROUP TESTS OF GENERAL INTELLIGENCE

As we have already pointed out (p. 5), the group test of general

intelligence is in form much like the ordinary school examination.

Instead of demanding specific school information, however, its aim

is to gauge the individual's ability to follow fairly complicated

directions, read accurately and understandingly, solve problems,

perceive relations represented by language or numerical symbols,

and use previously acquired information. The tests most frequently

included in a group test battery are ordinary mental arithmetic prob-

lems, opposites, analogies, range of common information, and tests

involving logical selection and classification (12). The group test

of general intelligence attempts to discover potential learning ability

by measuring how much one has already learned. It is thus a gauge
of mental alertness as well as an estimate of acquired information.

THE ARMY ALPHA INTELLIGENCE EXAMINATION

The group test of general intelligence grew out of the desirability

of testing large numbers of children or adults at the same time, with-

out resorting to elaborate techniques or apparatus and without re-

quiring much training on the part of the examiner. The first urgent
need for a group test of general ability arose during the World War
when it became necessary to sift out from the draft, men unfit for

military service through lack of intelligence; to select the more
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intelligent men for further training, or for special service; and to

provide more nearly balanced companies and regiments. The Army
Alpha Test for literates and the Army Beta Test for illiterates were

devised to meet this situation. These tests were administered to more
than 1,750,000 men between September, 1917, and January, 1919.

Because of the extensive data collected, Alpha results give the best

picture of the relative abilities upon such an examination of various

occupational, racial, and other groups, drawn from the literate male

population of the United States. Furthermore, since many of the

group tests which have been devised since Alpha follow it closely

both in content and in method of construction, results from this

examination are worth examining at greater length.

So much has been written about the Army Alpha Test itself (78)
that only a brief description is necessary here. Army Alpha was

validated against various criteria: (1) officers' ratings of their men;

(2) Stanford-Binet M.A.'s; (3) the Trabue Language Completion

Scales; (4) school marks and (5) teachers' ratings for intelligence.

Alpha's correlations with these various criteria ranged from .50 to

.90. The reliability coefficient of Alpha is about .95 for unselected

male groups, the P.E. of an Alpha score being about five points.

There were five forms of Alpha, each form containing eight sub-

tests. These component tests were (1) Following Directions; (2)

Arithmetic Problems; (3) Practical or Common Sense Judgment;

(4) Synonym-Antonym; (5) Disarranged Sentences; (6) Number
Series Completion; (7) Analogies; (8) Information. The items in

each sub-test were arranged in order of difficulty, and a time limit

set for each sub-test. The maximum score which can be obtained on

the Army Alpha Test as a whole is 212.

1. Distribution of Alpha Scores in the General Population
The distribution of general intelligence (as measured by Alpha)

in the general male population of white, native-born, enlisted men

is shown in Figure 6. This graph is based upon the records of 51,620

enlisted men, selected to give a representative sample of the Ameri-

can male population. The average Alpha score made by native-born

white enlisted men was 59; by foreign-born white enlisted men 47;

and by white officers, 139 (43). In order to enable a broad classifi-

cation of soldiers into ability groups, superior, average, inferior,

and the like, letter grades were assigned to certain score intervals on
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the scale. These letter grades were based upon the actual Alpha

score distributions of large representative groups. Table IV gives

the score ranges corresponding to each letter grade and the percent-

age of enlisted men receiving each grade. Note that the average

125 150 175 200

Figure 6. DISTRIBUTION OF GENERAL INTELLIGENCE (Auaiv ALPHA SCORES) FOR

WHITE, NATIVE-BORN, ENURED MEN

officer received a rating of A on the basis of his score, the average

white enlisted man a rating of C.

TABLE IV

PERCENTAGE or LETTER GRADES MADE ON ALPIIA (N = 93,973)

(from Memoirs, National Academy of Sciences [ 13])

Letter Rating A B C-{- C C- D D-
Range of scores 212-135 13 1-105 10 i-75 74-45 4 1-25 24-15 1 1-0

Per cent, of white draft re-

ceiving grade 41 80 15 25 23 8 17 1 70

2. Binet Mental Age and Alpha Scores

In order to evaluate Alpha scores in terms of Stanford-Binet men-

tal age, Alpha scores made by a group of 653 men were transmuted

into mental ages earned by these same men upon the Stanford-Binet

Scale. Binet M.A.*s corresponding to Alpha letter grades are shown
in Table V. The average score of white enlisted men (i.e., 59) cor-

responds to a Stanford-Binet M.A. of about thirteen years. When
the officers were combined pro rata with the enlisted men, the average
"adult level" was approximately fourteen years in terms of Stanford-

Binet M.A. That is, the average adult level on Army Alpha was two

years below the adult level (i.e., sixteen) of the Stanford-Binet.

This discrepancy between the two tests is not very disturbing
when one examines (a) the tests themselves, and (b) the method
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TABLE V
STANFORD-BINET MENTAL AGES CORRESPONDING TO THE VARIOUS ALPHA LETTER GRADES

(A
r = 653)

(from Memoirs, National Academy of Sciences [43])

Letter Rating A B C+ C C- D D-
JMental ages 18+ 17 9-16 5 16 4-15 14 9-13 12 9-11 10 9-9 5 94

whereby norms were obtained upon each. Alpha and Stanford-Binet,

although containing much in common, are clearly not identical either

in content or in method of administration. The correlation between

the two tests was .81 in the sample of 653 men. The average adult

level of the Stanford-Binet was based upon results obtained with

about 400 adults, many of whom (high-school students and business

men) were obviously selected with reference to the general popula-
tion. On the other hand, Army Alpha's mean for the general popula-
tion was obtained from more than 100,000 men drawn from all walks

of life. The M.A. of the general population in terms of Stanford-

Binet is, therefore, closer to fourteen than to sixteen years.

The above conclusion has often been taken to mean that the aver-

age adult in the United States has the mind of a fourteen-year-old

child. Such an interpretation is, of course, absurd. An average adult

level of fourteen on the Army Alpha Test simply means that the

average soldier did about as well on the test as the average first-year

high-school student. This is far from a discreditable showing, when

one considers that many of the men who took Alpha possessed meager

schooling, and that often not very recent. The effect upon a verbal or

language examination of continued practice in reading and in arith-

metic is shown clearly by the fact that bookkeepers made an average

score of 101 on Alpha, as against the average score of 63 made by
the general machinist. It seems hardly probable that this difference

in score arose entirely from differences in native capacity. Part of

it, at least, can be attributed to the more habitual use by the clerical

worker of the kind of operations called for by the Alpha examination.

3. Revisions and Present Use of the Army Alpha

Army Alpha was used extensively after the close of the war, in

high schools and colleges as well as in business institutions. In recent

years it has been largely superseded in schools by tests more'1 suit-

able in content and of greater difficulty range. However, because of

the large number of occupations for which there are Alpha norms,

and the wide variety of the other groups to which it has been given,
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Alpha is still employed extensively as a test for adults of moderate,

i.e., common-school, education.

In 1925 the Psychological Corporation prepared a revision of

Army Alpha (p. 41). This is a compilation of the best items from

the five original forms, leaves out the more "military" questions, and

is better adapted for use with ordinary civilian groups. Bregman (4)

has drawn up a percentile table, based upon the Army results from

which an individual's score can be converted into a twenty-fifth,

sixtieth, or eightieth percentile rank in the general population. A
still more recent revision of Army Alpha prepared by F. L. Wells

was published in 1932 by the Psychological Corporation under the

title, Revised Alpha Examination, Form 5. In this revision Test 1

is replaced by an addition test, and Test 8 by a verbal directions test.

The recording of answers and scoring of several tests has been sim-

plified. The directions card accompanying the test states that the

revision has been for the purpose of making the test easier to give

and to score; more appropriate for educational and business use; and

to keep its contents from going out of date. A table of percentile

equivalents to test scores is printed on the directions card. This adds

much to the practical value of the test.

Table VI gives the medians and range of the middle 50 per cent,

of scores made by men of various occupations who were enlisted in

the army. This table shows clearly the progressive increase in Alpha
score from the unskilled laborer level through the business to the

professional groups. It enables an executive to estimate the vocational

possibilities (as far as verbal or scholastic intelligence is concerned)
of a man who scores 60, say, or 100 on Alpha.

THE CAVD INTELLIGENCE EXAMINATION

The CAVD Intelligence Scale (68) has been selected for special
mention because it is superior in construction to other tests of general

intelligence. CAVD is composed of tasks involving the completion
of sentences (C), arithmetic problems (A), vocabulary (V), and
directions (D), the last named often requiring comprehension of

sentences and paragraphs. Forty items in all ten each of C, A, V
and D are placed at seventeen levels of difficulty ranging pro-

gressively from level A to level Q; that is, from a composite (level

A) at which 50 per cent, of the forty items can be solved correctly

by an individual of M.A. three years, to a composite (level Q) at
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TABLE VI

OCCUPATIONAL INTELLIGENCE LEVELS, BASED ON ARMY PSYCHOLOGICAL TESTS
OF 36,500 MEN. ALPHA SCALE

(from Proctor [47])
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which 50 per cent, of the forty items can be solved correctly by only

20 per cent, of college graduates. Each level has a numerical diffi-

culty value, which expresses its distance from the "absolute" zero
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of intellect. Measurement throughout the scale is in terms of a con-

stant unit, the S.D. of a ninth-grade group. Not only can scores be

added and subtracted, therefore, but a score of forty-two represents

twice as much "intellect" (in terms of what the scale measures) as

a score of twenty-one.

The zero point on the CAVD was located by a consensus of judg-

ments, with respect to designated tasks, made by psychologists expert

in animal and child psychology. Each judge ranked fifty-six tasks

in order of merit in accordance with the degree of intelligence

required (in his opinion) to perform it. The tasks selected as requir-

ing a minimum of intellect located the absolute zero of intelligence.

Illustrations of tasks presumably requiring zero or almost zero intelli-

gence are, "Will not try to pull off his own fingers or toes"; "Having
an object of bitter, nasty taste in his mouth, will spit it out more
often than hold it there." From this zero the difficulty value of level

A (first level) was measured in terms of the P.E. of "expert opin-
ion." This P.E. was then converted into the common scale unit, viz.,

the S.D. of a ninth-grade group. It is interesting to note that the dis-

tance of level A (lowest level actually used) from zero is twenty-

three, while the distance of level Q, the highest level, from zero is

only forty-three. Thus in terms of the CAVD scale it is as great a feat

to progress from "zero" intelligence to the intelligence of the aver-

age three-year-old, as it is to move from this intelligence; level to

that of a superior college graduate. The growth curve of the CAVD
is logarithmic (see Figure 4) and probably reaches its level close

to twenty years. The point has been stressed that this is a "true" age-
progress curve, since growth is measured from zero in terms of a
fixed unit (p. 19).

The CAVD examination yields three measures of intellect: alti-

tude, width, and area. The altitude or level score is the highest point
reached by an individual on the CAVD scale his maximum point
of progress up the scale from just "zero" intellect. The width score

defined as the percentage of successes at one or more levels gives
the breadth or scope of intelligence at a given level or at given levels
of difficulty. The area score is the total number of tasks done the
total range of intelligence in CAVD throughout the scale. These
aspects or phases of mental ability are closely correlated, almost
identical in fact, the averages of their intercorrelations when cor-
rected for attenuation being close to unity. Hence, the separation
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of altitude from width or width from area of intelligence is a con-

venient rather than a real distinction. Successive levels of CAVD
are closely related, the average correlation between one level and

the next heing about .85 ; between a single level and another, one to

two steps removed .86.

CAVD measures much the same abstract ability measured by other

individual and group tests of general intelligence. In a group of 180

pupils in Grades 7 to 12, CAVD correlated .87 with the Otis Self-

Administering Test; .94 with the Terman Group Test of General

Intelligence; and .78 with Stanford-Binet. CAVD's superiority to

these examinations lies in its greater range and in the constant mean-

ing of its scores throughout this range. CAVD is strictly a "power"
test, unlimited time being allowed those taking it.

The CAVD examination includes some non-language material at

its lower levels, but throughout the greater part of its range it is a

verbal test. The test may be administered either as an individual or

as a group examination in the upper levels. At the lowest levels, A
and B for example, it must necessarily be given as an individual test

The following levels of CAVD are bound together in separate book-

lets: A, B, C, D, E for pre-school, primary, and lower elementary

grades; F, G, H for elementary and lower high-school grades; I, J,

K, L for high-school and lower college levels; M, N, 0, P, Q for

upper college and graduate levels. These tests can be secured from

the Bureau of Publications, Teachers College, Columbia University.

REPRESENTATIVE GROUP TESTS OF GENERAL INTELLIGENCE

This section contains a selection of representative group tests of

general intelligence which have proved especially useful in elemen-

tary and secondary grades, and in colleges. This list is suggestive

rather than exhaustive. References to tests other than those herein

described will be found at the end of the chapter. The choice of a

particular test will depend upon what one wishes to use it for, as

well as upon such practical considerations as time and money allow-

ance, clerical help available, etc.

ELEMENTARY GRADES1

1. Detroit Alpha Intelligence Test, by Harry J. Baker

Date: 1924.

1
Non-language and performance tests designed for kindergarten and primary grades

are described in Chapter //.
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Publisher: Public School Publishing Company, Bloomington, Illinois.

Designed for: Grades 5 to 9.

Contents: Eight tests: (1) Information; (2) opposites; (3) classifica-

tion; (4) block design; (5) generalization; (6) analogies; (7) number

relations; (8) disarranged sentences.

Scores: Letter ratings, M.A. and I.Q.

Norms: Letter ratings and age.

Time: About forty minutes.

Reliability .91 (retest) for 251 unselected sixth-grade pupils, interval

between tests being three months.

2. Haggerty Intelligence Examination, Delta 2, by M. E. Haggerty
Date: 1920.

Publisher: World Book Company, Yonkers, New York.

Designed for: Grades 3 to 9.

Contents- Six tests, or exercises, (1) Reading and vocabulaiy;

(2) arithmetic problems; (3) picture completion; (4) same-opposites;

(5J practical judgment; (6) information. All of these tests are verbal

except (3).

Scores: Point scores.

Norms: Age and Grade.

Time: Thirty minutes.

Reliability: Single grade about .60; Grades 3 to 9 about .90.

3. Kuhlmann-Anderson Intelligence Tests, by F. Kuhlmann and R. An-
derson

Date: 1927.

Publisher: Educational Test Bureau, Minneapolis, Minnesota.

Designed for: Grades 1 to 12.

Contents: Nine series of tests, covering the age range from six to eight-
een years. The tests range from simple non-verbal to fairly intricate

verbal. Each series of tests is printed in a separate booklet, and is

intended for use in a given grade or grades.
Scores: M.A. and I.Q.; also Heinis' Mental Growth Units.

Norms: Age norms.

Time: About one hour; depends upon the age of the group tested.

Reliability: Not measured by self-correlation. See: KUHLMANN, F., "The
Kuhlmann-Anderson Intelligence Tests Compared with Seven Others,"
Journal Applied Psychology, 12 :545-594, 1928.

4. Multi-mental Scale, by Wm. McCall, et al.

Date: 1925.

Publisher: Bureau of Publications, Teachers College, Columbia Uni-

versity.

Designed for: Grades 2 to 9.

Contents: Two forms of 100 sets of words, five words in each set. S is

to cross out the one word in each group of five which does not belong
with the other four. The relationships to be looked for differ from
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sample to sample and are illustrated at the beginning of the test by
means of samples.
Scores: Point scores are transmuted into T-scores, brightness scores,

effort scores, M.A. and I.Q.

Nojms: Age and Grade.

Time: About thirty minutes.

Reliability: r = .94, Grades 3 to 9 inclusive.

5. National Intelligence Tests, Scales A and B, prepared under the

auspices of the National Research Council, by M. E. Haggerty, L. M.
Terman, E. L. Thorndike, G, M. Whipple and R. M. Yerkes

Date: 1920.

Publisher: World Book Company, Yonkers, New York.

Designed for: Grades 3 to 8.

Contents: Scale A: Five tests, (1) Arithmetic reasoning; (2) sentence

completion; (3) logical selection; (4) synonym-antonym; (5) symbol-

digit.

Scale B: Five tests, (1) Computation; (2) information; (3) vocabu-

lary; (4) analogies; (5) comparison. There are three forms of each

scale.

Scores: Point scores, M.A., I.Q.

Norms: Age and Grade.

Time: Twenty-five to thirty minutes each scale.

Reliability: Single grade, A or B, about .70; Grades 3 to 8 about .93.

Correlation of A and B, Grades 3 to 8, .94.

SECONDARY SCHOOLS AND COLLEGES

1. American Council Psychological Examination, by L. L. and T. G.

Thurstone

Date: 1924, new forms each year.

Publisher: American Council on Education, 26 Jackson Place, Wash-

ington, D. C.

Designed for: High-school graduates and college freshmen.

Contents: Five tests: (1) Completion, (2) artificial language, (3) analo-

gies, (4) arithmetic, (5) opposites.

Scores: Point scores and percentiles.

Norms: Percentiles for college freshmen on each test and on total;

averages for many colleges.

Time: Sixty minutes.

Reliability: r = .95 for N = 300 freshmen.

2. Army Alpha (Revised) by E. 0. Bregman
Date: 1925.

Publisher: Psychological Corporation, New York City.

Designed for: Adults; can be used also in high schools or colleges.

Contents: Eight tests: (1) Following directions; (2) arithmetic prob-
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lems; (3) best answer; (4) same-opposite; (5) disconnected sentences ;

(6) number series completion; (7) analogies; (8) information.

Scores: Point score and percentiles.

Norms: Percentile ratings for the general population.

Time: About forty minutes.

Reliability: Approximately .95 in large groups.

3. Otis Group Intelligence Scale (Advanced Examination) Forms A
and B, by A. S. Otis

Date: 1918.

Publisher: World Book Company, Yonkers, New York.

Designed for: Grades 5 to 12.

Contents: Ten tests, (1) Following directions; (2) opposites;

(3) disarranged sentences; (4) proverb matching; (5) arithmetic; (6)

geometric figures; (7) analogies; (8) similarities; (9) narrative com-

pletion; (10) memory.
Scores: M.A., I.Q., percentiles.

Norms: Age and Grade.

Time: Sixty minutes.

Reliability: .97 for Grades 4 to 8.

4. Otis Self-Administering Tests of Mental Ability, by A. S. Otis

Intermediate Examination: Forms A, B, C, D
Higher Examination: Forms A, B, C, D

Date: 1922.

Publisher: World Book Company, Yonkers, New York.

Designed for: Intermediate examination: Grades 4 to 9. Higher exami-

nation: Grades 9 to 12.

Contents: Intermediate and higher: seventy-five items of different kinds,

in mixed order, make up each examination.

Scores: M.A., I.Q. from chart, percentiles.

Norms: Age and Grade.

Time: Thirty minutes for whole examination. Minimum directions given
at beginning of examination.

Reliability: Intermediate: r .95 for Grades 4 to 9. Higher, r = .92,

Grades 7 to 12.

5. Terman Group Test of Mental Ability, Forms A and B, by L. M.
Terman

Date: 1920.

Publisher: World Book Company, Yonkers, New York.

Designed for: Grades 7 to 12.

Contents: Ten tests, (1) Information; (2) best answer; (3) word

meaning; (4) logical selection; (5) arithmetic problems; (6) sentence

meaning; (7) analogies; (8) mixed sentences; (9) classification; (10)
number series.

Scores: Point scores, M.A.; percentile scores by grades.
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Norms: M.A. for point scores; grade.
Time: Thirty to thirty-five minutes.

Reliability: .89 for ninth grade, N = 132.

6. Thorndike Intelligence Examination for High School Graduates, by
. E. L. Thorndike

Date: 1919, three forms each year.

Publisher: Bureau of Publications, Teachers College, Columbia Uni-

versity.

Designed for: High-school graduates and college freshmen.

Contents: There are four parts to this examination: a practice form
which contains samples of the various tasks in Parts I and II of the

examination; Part I, nine tests of directions, arithmetic computation,
arithmetic problems, information, same-opposites, word meaning; Part

II, six tests of completion, algebra problems, technical and general in-

foimation; Part III, eight tests of ability to read and answer questions
on different paragraphs.
Scores: Point scores.

Norms: Average scores for freshmen of different institutions.

Time: Total, about three and one-half hours; scoring by key.

Reliability: r .85 for 171 normal school students; r = .83 for 562

Columbia College Fieshmen.

THE REQUIREMENTS OF A GENERAL INTELLIGENCE TEST

There are a number of standards which a satisfactory test of "gen-

eral" intelligence, whether individual or group, must meet. Some
of these deal with the choice and arrangement of material, others

with criteria of a statistical sort which the completed test must sat-

isfy. An adequate test of general ability on the abstract or verbal

level should sample, in the first place, a large and varied number

of mental operations. Secondly, it should deal with the relatively

more differentiating operations. Tests of analogies, of arithmetic,

or of vocabulary are more diagnostic of abstract mental ability than

tests of cancellation or digit span. In the third place, a good intelli-

gence test should sample abilities in which every subject (whether

student or otherwise) has had approximately equal opportunity,

and in which unequal motivation and special gifts play a relatively

small role. Tests of opposites, arithmetic, and sentence completion,

for instance, tap a more homogeneous background of preparation

and interest than tests of musical appreciation, ancient history, or

domestic science. The general statistical requirements of an intelli-

gence test may be listed as follows:
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1. Validity

A valid test is one which measures what it purports to measure.

If a test is to be employed for the purpose of estimating aptitude

for school work, it would naturally be validated against ability to

learn in school. Hence, general intelligence tests, designed for use

with students, are validated against school giades, teachers' esti-

mates of the intelligence shown in grasping the material taught in

courses, and other more or less objective and common sense gauges

of ability (45).

2. Reliability

A reliable measuring instrument is one which gives self-consistent

results. If a child is weighed ten times on a certain scale and the

measures of his weight vary from time to lime by very small

amounts, a fraction of a pound, for instance, the scales are taken

to be fairly reliable. Since all of these measures may be incorrect,

however, i.e., invalid, reliability is not the same as validity. In

order to validate our scale, we should have to find whether a ] 00-

pound weight, let us say, actually weighs a hundred pounds when

placed on the scale. The reliability coefficient of an intelligence

test is found by correlating one form of the test against another

equivalent form (the retest method) ; or by correlating one-half of

the test, say the odd-numbered items, against the other half, lh<;

even-numbered items, and then estimating the self-correlation of

the whole test by the Spearman-Brown prophecy formula (22).

3. Low Inter-test Correlations

To prevent duplication, the sub-tests of a group test battery should

have relatively low correlations with each other. This is an ideal

requirement which is met only very approximately by most gioup

TABLE VII

SHOWING THE CORRELATIONS AMONG THE VARIOUS TESTS IN THE ARMY ALPHA iNTKLLKiUNCH
TEST BATTERY. THESE COEFFICIENTS ARE BASED ON THE TEST Scoiu** KWOM AHOUT A

THOUSAND RECRUITS

(from Memoirs, National Academy of Sciences [4-3])

No. Description of Test 1234567 8
1 Directions 73 59 .71 69 .68 67 66
2 Arithmetic 73 . 75 79 76 .77 71 .74
3 Practical Judgment 59 75 . .81 ,75 .61 .67 78
4 Synonym-Antonym . . 71 79 .81 ... 83 68 73 86
5 Disarranged Sentences. 69 76 75 .83 ... 67 .78 82
6 Number Series 68 .77 61 68 67 . 70 *69
7 Analogies. . ..67 74 .67 .73 .78 .70 . 67
8 Information .... 66 74 78 .86 82 69 67
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tests because of the relative homogeneity of most verbal batteries,

i.e., tests on the abstract level. This homogeneity may be seen clearly
, in Table VII, which shows the inter-correlations of the eight tests in

Army Alpha. All r's are positive, the average for the table being .73.

4. Discriminative Capacity
A good intelligence test should have sufficient range to measure

extreme cases and its units should be small enough to separate indi-

viduals who do not differ markedly in ability. There should be no

zero or perfect score, as neither score gives us any real information

about the person tested. In large and unselected groups, scores from
a highly discriminative intelligence test will be distributed closely
in conformity with the normal probability curve (68).

5.
tf Standardization

An adequate intelligence test should be definitely standardized as

to procedure; it should have stable age or grade norms, preferably

both; it should be relatively easy to administer and score; its con-

tents, besides sampling a wide range of mental operations, should

possess general interest and appeal; and it should not be too long

or too costly for extensive use.

SCORES ON A GROUP TEST OF GENERAL INTELLIGENCE

Ability on a group test of general intelligence may be expressed

by various kinds of scores. Several of the most common of these

will be described in this section.

1. Point Scores

When the sub-tests in a group examination have been arranged

in progressive order of difficulty, the simplest total score is that

obtained by adding up the point scores made on the separate tests.

Such a total score is obtained from Army Alpha, from the Otis

Group Intelligence Examination, the Terman Mental Test, the Na-

tional Intelligence Test, and many other well-known group tests.

Cumulated point scores are open to the criticism that such measures

do not ordinarily represent equal units or increments of difficulty.

One does not know, for instance, whether an increase of five points

in the upper range of scores means the same as an increase of five

points in the middle or lower range. It happens, however, that this

objection is of no great practical importance except at the extremes
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of the range, as the transmutation of point scores into a scale hav-

ing equal units shows marked discrepancies only at the upper and

lower extremes (68). One objection to point scores is that a sub-

test which contains a large number of items may receive more weight

in the total than a sub-test having fewer items. A further minor

objection is that the point score itself is meaningless unless referred

to some established norm. This is not true of other types of score.

An M.A., an LQ. or a percentile score, for example, is immediately

referable to the child's C.A., the mean LQ. of 100, or the mean

percentile score of 50. But a point score of 145 may be high, low,

or medium, depending upon the mean ability of the group. Despite

these objections, the point score is a satisfactory measure of ability

in most well-constructed standard tests, provided age and grade

norms are established. It is meaningful when used with older chil-

dren and adults (this is not true of the I.Q.)> and has ease and sim-

plicity of calculation in its favor.

2. Percentiles

In ord6r to express the scores on a group test in percentile equiva-

lents, the distributions of test scores made by ten-year-olds, or college

students, or any defined group, must be transmuted into an ability

scale which extends from zero to 100 with a mean of 50 (22). The

raw or point score corresponding to the tenth percentile, or first

decile, is found by counting off 10 per cent, of the distribution from

the low end. This raw score, which now becomes 10 in the percentile

scale, represents the ability which is exceeded by 90 per cent, of

the group. The raw score corresponding to the fiftieth percentile

(the median score) represents an ability exceeded by 50 per cent,

of the group. Percentile ratings enable one to place an individual

immediately with reference to members of his group, e.g., a six-

year-old with a percentile score of 30 is exceeded by 70 per cent,

of six-year-olds in the given test. Percentiles also have the advantage
of enabling one to compare directly the scores made by an indi-

vidual on tests which are scored in different units (22).
The chief objection to a percentile scale is that it assumes a rec-

tangular distribution, each percentile point being exactly the same

percentage of the distribution removed from the one just preceding
or just following it. But the distribution of ability as measured by
most group tests is normal, rather than rectangular, and hence -there
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is a greater gap in ability between the eightieth and ninetieth per-
centiles than between the fiftieth and sixtieth. As was true of point

scores, however, discrepancies in percentile units are not serious

except at the extremes of the scale. Over the middle of the scale,

percentile ratings are quite comparable inter se, and have the advan-

tage of ease of interpretation and comparison. In individual com-

parisons the inequality of units may be unjust, but in the classifica-

tion of pupils little harm is done.

3. M.A. and I.Q. Ratings in Group Tests

In many group tests of general intelligence point scores are trans-

muted into mental age equivalents. Such mental ages are derived

from average scores or norms for the different age groups. If the

average score for nine-year-olds on a given test is 84, and the

average score for ten-year-olds 108, then a point score of 84 is

taken to represent an M.A. of nine, while a score of 108 repre-

sents an M.A. of ten. Scores corresponding to fractional year in-

tervals between nine and ten are found by interpolation. From
these M.A. equivalents, I.Q.'s are calculated as in individual tests,

by dividing the M.A. by the C.A. Of the scoring methods mentioned,

group test M.A.'s and I.Q.'s are the least defensible, being often

subject to gross errors. There are in the main two reasons for this.

In the first place, the growth curves for group intelligence tests are

rarely such as to give a theoretically constant I.Q.; and secondly,

group tests vary so widely among themselves in length, difficulty,

reliability, and content, that I.Q.'s derived from them vary enor-

mously even for the same child.

Let us consider first the question of the growth curve for group

tests. The National Intelligence Test may be taken as a good illus-

tration, since its standardization is extremely good and the test is

highly reliable. The increase in M.A.1 from year to year on the

N.I.T. for the ages from eight to fifteen is shown by the curves in

Figure 7. The middle curve pictures the trend of M.A. against C.A.

over the age range covered by the test; the upper and lower curves

show the increase over the same age range of the twenty-fifth and

seventy-fifth percentiles, respectively. Inspection of these age-

progress curves makes it at once apparent that they are almost

1 M.A. equivalents were taken from Table 6 in the supplement to the 1929 Manual

of Directions.
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straight lines, and that the distance between the separate curves,

i.e., the distribution of M.A.'s, remains approximately constant from

age to age. On p. 17 we found that the I.Q. on such a test as the

Stanford-Binet remains theoretically constant from year to year

because the age-progress curve, in terms of M.A. as unit, is a straight

line with increasing spread at succeeding years. For a straight-line

growth curve, such as we find with most group tests, to return a con-

9 10 11 ~i2 lir

Chronological Age
14- 15

Figure 7. AGE-PROGRESS CURVES FOR 37,069 CHILDREN UPON THE NATIONAL
INTELLIGENCE TEST

stant I.Q., it would be necessary for the lines of growth of dull and

bright children (represented by the twenty-fifth and seventy-fifth

percentiles in Figure 7) to diverge more and more from the middle

("normal") line as age increases. (See Figure 1, p. 75.) Since this

increasing divergence does not occur in the N.I.T., the I.Q.'s from
this test cannot remain constant. To illustrate, a child who is one

year retarded on N.I.T. at age nine, with an I.Q. of 8/9 or 89, would

be still one year retarded at age fourteen, but with an I.Q. of 13/14,
or 93. In like manner, a bright child two years advanced at age

nine, and the same two years advanced at age fourteen, would have
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a drop in I.Q. from 122 to 114. Similar results would be obtained

with the Otis Group Intelligence Scale (Advanced Examination),
as is evident from an examination of Figure 8. It appears, therefore,

that the ordinary group test is not adapted to the ratio (I.Q.) tech-

nique.

The fluctuation in I.Q. for the same individual from group test

to group test has been clearly shown by Gates (24) and Rand (49).
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Figure 8. AGE-PROGRESS CURVES FOR 25,226 CHILDREN UPON THE OTIS GROUP
INTELLIGENCE SCALE, ADVANCED EXAMINATION

Gates administered the following group tests to pupils in Grades 1

to 8: Dearborn Examination I or II, Haggerty Delta 1 or 2, Hoi-

ley's Picture Completion or Sentence Completion Test, the Illinois

Intelligence Examination (Grades 3 to 8), Otis Primary or Ad-

vanced, N.I.T. Forms A and B (Grades 3 to 8), and the Myers
Mental Measure. All of these tests supply age norms from which

M.A/s and I.Q.'s may be calculated. Literally enormous variations

in I.Q. were obtained by Gates for the same child when measured

on these tests. The range in I.Q.'s received on the different tests by
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each of nineteen children in Grade 2, for example, was on the

average thirty-five points. One child received an LQ. on one test

seventy-six points higher than that given hy another test the differ-

ence between average intelligence and idiocy. In Grade 5 one child

earned an I.Q. of 99 on the N.I.T. and 366 on the Myers Mental

Measure. Rand's results are less extreme than those of Gates. She

presents data to show that the S.D. of the I.Q.'s obtained from a

given group test varies so greatly from age to age, and from one

group test to another for the same age, as to cause wide variation

in the LQ.'s received by the same child. Suppose a child seven years

old has a Stanford-Binet LQ. of 90, and is 1 S.D. in I.Q. below the

mean of his group. Assuming that this child keeps his same position

in the other tests relative to the group mean. Rand shows that his

LQ. would be 86 on Burt's adaptation of the Binet Test, 81 on

Picture Completion Test 2, 72 on the Pressey Primary Test, 70 on

the Porteus Mazes, and 80 on the Pintner-Paterson Performance

Scale! To quote Rand, ". . . the equivalent to a Stanford-Binet

I.Q. of 113 for a high-school freshman would be 113 also on the

Terman Group Test, 123 on the Miller Test, 119 on Haggerty, 111

on Otis, etc." Kefauver (34) has suggested a practical remedy for

these wide variations in group test I.Q.'s for the same individual.

His plan consists of a method for equating I.Q.'s from twelve com-

mon group tests. While useful, any such scheme is necessarily a

makeshift, for it does not solve the fundamental problem of why
I.Q.'s should vary so greatly from test to test.

Wide variations in I.Q. from one group test to another are also

contributed to by many extrinsic factors. We have mentioned (p. 47}
differences in length, difficulty, content, and reliability among the

various group tests. To these we may add wide differences in the

size and character of the groups used for standardization purposes;
differences in the emphasis upon reading and arithmetic in different

elementary schools; and practice with, and habituation to, mental

tests.

To summarize briefly the preceding discussion: (1) variations in

LQ. on a single group test are due chiefly to the fact that the age-

progress curves of group tests are not adapted to the ratio (I.Q.)

technique; in addition, (2) variations in I.Q. from one group test to

another arise from differences in length, difficulty, content, and

reliability among the various general intelligence tests.
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THE VALUE OF GROUP TESTS OF GENERAL INTELLIGENCE
IN SCHOOL WORK

1. The Correlation between Group Tests of General Intelligence
and Measures of School Achievement

Group tests of general intelligence have been employed in schools

for a variety of purposes, all of which, however, center around the

selection and classification of children in terms of mental ability.

The value of a general intelligence test as a forecaster of school

achievement will clearly depend upon the correlation of the test

with actual school performance. The correlation of Army Alpha
with the amount of schooling reported by men who had been drafted

into the army ranged from .50 to about .75 (43). Hundreds of

studies have been made of the relationship between general intelli-

gence scores and school achievement in the elementary school, the

high school, and in the college. These r's run from .30 to .60,

depending upon the size of the group, the suitableness of the test,

and many other factors, the mean correlation being about .45 (45).
We may illustrate with a few typical findings. Gates (23) admin-

istered several verbal tests of general intelligence in Grades 3 to

8 inclusive. The correlations of the group-test scores with a com-

posite of educational achievement tests ranged from .47 to .65,

averaging .54. The number of pupils in each grade was about twenty.

Pintner (45) has compiled the correlations reported by fourteen

authors between general intelligence test scores and school marks

made by high-school pupils. These r's, which are based upon varying

numbers of students, the largest group being 5,748 high-school

seniors, vary from .28 to .60, the mean being .46. Wood (73) has

reported correlations of from .45 to .65 between the Thorndike In-

telligence Test and freshmen work in Columbia College. Thurstone

(70) has reported correlations between the American Council Psy-

chological Examination and college freshmen achievement which

range from .40 to .60.

Correlations between various general intelligence tests and college

achievement, as reported by different authors, have been compiled

by MacPhail (40) and Pintner (45). These correlations cluster

around .45. While not especially high, such relationships contrast

favorably with the correlations between secondary school grades and
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college grades of .26, .33 and .15 reported by Wood (73) on three

different occasions.

An interesting prognosis of prospective success in high school

based upon scores on Army Alpha has been reported by Cobb (11).

Results compiled from many high-school classes in different parts

of the country indicated (a) that the minimum Alpha score for en-

trance to high school at fourteen years is about 65; (b) that a mini-

mum Alpha score of 85 is necessary for a pupil, entering high school

at fourteen, to graduate; (c) that the minimum Alpha score for

really satisfactory high-school work is around 105. An Alpha score

of 65 is roughly equivalent to a Stanford-Binet M.A. of slightly

over fourteen years, and to a Stanford-Binet I.Q. of about 90; an

Alpha score of 85 to a Stanford-Binet mental age of 15.5 and an

I.Q. of 97; an Alpha score of 105 to a Stanford-Binet M.A. of 16.6

and an I.Q. of 104 (78).

The correlation between school grades and intelligence test scores

is inevitably limited by many factors. For one thing, school grades

are notoriously unreliable. Again, industry, persistence, tempera-

ment, character and personality traits, and interests, all enter to a

large but undetermined degree into school marks. It is significant,

however, that an intelligence test lasting one to two hours will usually

give a better forecast of college achievement than grades made in

secondary school. This would seem to justify the use of intelligence

tests as one criterion, at least, for admission to college. When achieve-

ment in the first part of the freshman year is combined with the

intelligence test score, future college success is predicted much more

efficiently than from the general intelligence test alone. Edgeiton

(18), for instance, reports an r of .52 between the Ohio State Uni-

versity Psychological Examination and the first year and a half of

college work; this r becomes .88 when the first quarter's work in

college is added to the intelligence test, and .93 when the first and
second quarter's work is added to the test. Apparently the odds

are distinctly against the satisfactory performance in junior and
senior years of a student whose work at the beginning of his college
career is definitely poor.

2. The Use of Group General Intelligence Tests in the School
We have discussed so far the general value of intelligence tests

based upon their correlations with school grades. We shall now



VERJBAL TESTS OF "GENERAL INTELLIGENCE" 53

enumerate some more specific uses of the general intelligence test

in school work, especially in the elementary and secondary grades.

(a) Classification of Pupils into Homogeneous Groups: A good
illustration of classification based upon group tests is the Trinidad

plan devised by H. M. Corning (14), sometimes known as the

"three-track" plan. According to this scheme, which is based upon
a plan proposed by Terman (63), the grade location of a child is

determined by his mental age. Pupils are then sectioned within the

grade into slow, normal, and bright groups on the basis of I.Q.

Corning calls this procedure "classifying vertically by M.A. and

horizontally by I.Q." The logic underlying this, and somewhat

similar classifications, is that mental maturity should determine in

what grade a child fits best; while brightness should determine the

rate at which a pupil works. Instead of M.A. and I.Q., E.A. and

E.Q. (p. 59) as derived from a general achievement test could also

be employed. Grouping in terms of mental test score will, in gen-

eral, prove advantageous both to teachers and to pupils. It is a

decided advantage for a teacher to know that the ability in her class

is homogeneous and at a given level. And it makes for a better

spirit when a pupil is placed where he can work best, so that, for

example, the bright pupils are not bored by the constant repetition

of familiar material, and the slow pupils discouraged by being con-

tinually out of their depth. The only real drawback to a classifica-

tion of this sort would seem to arise in the case of very bright and

very dull children. Unless there are special classes provided for

both of these groups, it would seem best to classify the very bright

child and the very dull child by chronological age, instead of by

M.A., putting the first in the bright group and the second in the

slow group. Unless chronological age is considered, both the very

bright and the very dull may have social difficulties, either because

the other children are all younger, or all older, than the pupil him-

self.

(b) Diagnosis of Cause of Failure: When a child is failing in a

given grade or in a school subject it will clear the ground consid-

erably to know whether his group mental test classifies him as bright,

normal or slow. The reasons why a bright child fails are usually

quite different from the reasons why a dull child fails. Knowledge
of mental status and of relative brightness aids the teacher or admin-

istratoi in making a diagnosis (p. 27).
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(c) Admission to First Grade: In order to enter first grade it is

now agreed that a child should have an M.A. of at least six years

(p. 29). If a child's M.A. is six, and his C.A. somewhat below six,

admission to first grade should then depend upon satisfactory social

and emotional maturity as judged by competent persons.

id) Comparison of Grades and Schools: Intelligence tests are

useful in a comparison of grades, of different schools within a sys-

tem, and of different school systems. Oftentimes the superior per-

formance of a school is a matter of superior student body (e.g.,

certain private schools) rather than of exceptionally good teaching.

Comparison of different schools is put on a fairer basis when the

aptitude of the student body for school work is known.

(e) Educational Guidance: On p. 29 we have discussed the

school progress to be expected from children who possess various

degiees of ability as determined by individual general intelligence
tests. Several illustrations of how individual general intelligence
tests may be employed in the study of pupil difficulties are given
on p. 31. These examples show clearly the value of a mental test

in the diagnosis of educational difficulty. In making up a pupil's

program; in advising a boy to take a commercial rather than a
science course, or a girl to take dressmaking rather than geometry;
in encouraging a student to go to college or to a trade school,
a knowledge of the pupil's abstract level his general intelligence
as given by group or individual test is exceedingly valuable.

"When the knowledge of a student's scholastic aptitude is supple-
mented by a further knowledge of his mechanical aptitude, tempera-
mental traits, social adaptability, and dominant interests, educational

guidance becomes no longer a matter of snap judgment but of pre-
diction based upon definite knowledge of potential capacities.

TESTS OF EDUCATIONAL ACHIEVEMENT

While tests of general intelligence are designed to measure native
keenness for academic work, educational tests are designed to gauge
achievement in some particular school subject. Educational tests

fall into two main divisions: tests of educational achievement, includ-

ing diagnostic tests, and tests of educational prognosis. The edu-
cational achievement test like the ordinary school examination
measures an educational product: how much arithmetic, or how
much history a student knows, or how well he can read. Such tests
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measure accomplishment regardless of what the aptitude for achieve-

ment may be.

Diagnostic tests, besides measuring achievement, are intended to

reveal specific weaknesses in a student's knowledge for the guidance
of the teacher. The Compass Diagnostic Tests in Arithmetic (13)
and the Gates' Silent Reading Tests (39) furnish good examples
in two highly important fields. The first test consists of a series of

twenty sub-tests, embracing ninety different skills necessary for

successful work in arithmetic. The tests cover the range of arith-

metic ability from Grades 2 to 8, and each is sufficiently reliable

to permit of individual diagnosis. From this test the teacher can

discover in what specific skills a given pupil is lacking or is pro-
ficient.

The Gates' Silent Reading Test is a battery of four reading tests

covering reading ability in Grades 3 to 8. Each sub-test measures

a different and fundamental skill, such as the ability to read quickly
for general impression; to read carefully and accurately; to read

analytically so as to predict an outcome; and to read for details.

The test, as a whole, is designed to furnish a general estimate of

reading ability, as well as a diagnosis of specific strengths and

weaknesses in reading.

It is obvious, of course, that all achievement tests are in a sense

diagnostic. Even when an educational achievement test in French,

let us say, is used primarily for survey purposes, i.e., as a measure

of level or status, the kind of errors made by a student will indicate

to the teacher or examiner whether he is especially weak in vocabu-

lary, grammar, or translation.

The purpose of the educational prognosis test is to estimate before-

hand the probable success of a student in a given subject, e.g., Latin

or physics. In devising a prognostic test, the effort is made to ana-

lyze and measure the essential abilities which make for success in

the given subject. As no actual knowledge of the subject matter itself

is assumed, such a test measures aptitude rather than accomplish-

ment. An illustration of the prognostic test is the Iowa Chemical

Aptitude Examination, one of the series of Iowa Placement Exami-

nations.
1
This test consists of four parts. Part I covers the arithmetic

judged to be necessary in chemical calculation. Part II is a para-

3 Published by the Bureau of Educational Research and Service, University of Iowa,

Iowa City, Iowa.
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graph-reading test based upon material taken from standard text-

books in chemistry. The idea in this test is to see whether the student

can deal with such material accurately and with understanding.

Part III is a measure of comprehension in reading fairly difficult

prose which deals with topics in chemistry. Part IV attempts to

measure the interest already developed by the student in chemistry.

Questions cover such general information about chemical subjects

as would .be gleaned by an interested person from reading popular

scientific and other articles on the subject. Other prognostic tests in

the Iowa series are the English Aptitude, the Foreign Language

Aptitude, Mathematical Aptitude, and Physics Aptitude Tests. These

examinations have been found to correlate on the average about .50

with first-semester college grades in the subjects which they cover

(57).

If a student has already had some work in a given subject, the

ordinary achievement test is definitely prognostic of later perform-

ance, on the general theory that future ability in mathematics, or

French, say, may be best predicted by past performance in the same

subject. In the Iowa Placement Series each aptitude test is paired

with a training test in the same subject. These training tests are

standardized measures of educational achievement, based largely

upon the material required of first-year college students. When the

training and aptitude tests are combined, the correlation of the learn

(for example, Mathematical Aptitude plus Mathematical Training)
with first-year grades in the same subject rises to .65, on the average

(57). Another series of placement examinations is the Columbia
Research Bureau's tests,

1
which cover algebra, geometry, English,

French, Spanish, German, history, chemistry, and physics. These

tests measure achievement at the high school and college level (usu-

ally freshmen, sometimes higher) . Extensive norms for all of these

tests have been established. Achievement tests are especially valu-

able, when combined with prognosis tests, in furnishing a basis for

recommending special promotion; or the repetition of a course when
the grasp of the subject matter is too slight to warrant more advanced
work.

It is not the purpose of this chapter to describe in detail the many
and various educational achievement tests. Many books are available
which deal specifically with educational tests from the standpoint

1
Published by World Book Company, Yonkers, New York.
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of the teacher and administrator. It will be sufficient here to show
in what respects the educational achievement test is superior to the

ordinary school examination as a measuring device ; to indicate how
such tests are used in schools; and to supply a list of well-known
educational achievement tests as samples of the work in this field.

CONSTRUCTION OF EDUCATIONAL ACHIEVEMENT TESTS

1. Arrangement of Items

In the ordinary school examination little attention is paid to the

arrangement of items for difficulty value. The usual plan is to start

the examination with fairly easy items, or questions, and end with

those which are sometimes more difficult. But this is not always done,

and it is not unusual for difficulty to seesaw up and down so that

increases in score do not represent equal increases in performance.
In constructing a standard achievement test, the difficulty of the

separate items is established at the outset, by computing the per-

centage of a preliminary experimental group which is able to pass
each item. In order to eliminate useless and non-discriminating ma-

terial, each item to be included in the test must show a significantly

higher per cent, of passes from one grade to the next. Items passed

by per cent, or 100 per cent, of the preliminary group are dis-

carded, as they are of no value in differentiating individuals or

groups.

2. Objectivity in Scoring
An objective examination is one in which the mark or grade given

the student depends to a minimum degree upon the personal opin-

ion of the scorer. In the traditional essay examination a high degree

of subjectivity is inevitably introduced because the score on a ques-

tion depends upon what the individual teacher considers significant

and important. Consider the question, "Discuss the causes of the

War of 1812," as an example of a common form of essay question.

The answers to such a question will contain much material that is

true and relevant, and much that is true but irrelevant; much that

is false or ambiguous; and much that is clearly "padding." It be-

comes next to impossible for several people to evaluate the answer

in the same way. When answers are recorded by checking an item,

circling a number, or underlining a word, the same score is obtained

whether it is done by a clerk, or by the teacher of the subject. As
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may be readily surmised, the reliability of an examination is greatly

increased when the scoring is objective.

3. Validity

The routine school examination, in algebra or history, contains

questions upon what one teacher regaids as the facts woith knowing
in one textbook. The content of a standaid educational test, on the

other hand, is compiled after an analysis of many couises of study,

of various textbooks, and of different sets of examination questions.

It is a consensus, i.e., the pooled judgment of several competent per-

sons, rather than the judgment of a single individual. A criticism

often directed against the validity of the objective examination is

that it measures routine information and memory, rather than tho

ability to organize and evaluate the material taught in the comse.

The answer to this is that the correlation of objective tests with cii-

teria of school success is usually higher than the correlation of tra-

ditional examinations and school success in the same subject. The

subject matter of law would certainly seem to require oiganization
and evaluation to a greater degree than routine memoiy. Yet Wood
(74) found, in studying four law courses, an average correlation of

.46 between the traditional essay examination and the marks received

in the course, as against an average correlation of .76 between objec-
tive educational tests and marks received.

4. Reliability

Marks assigned to school examinations are notoriously unreliable,
when judged by the range of grades given by different teachers to

the same persons. Starch and Elliott (55), in a pioneer study of
variations in school marks, had 142 teachers of English grade two
final examinations in first-year high-school English; 118 teachers
of mathematics grade one final examination in geometry; and sev-

enty teachers of history grade one final examination in American
history. The variations in grades assigned are little shoit of astound-

ing. On the two English papers the marks ran from 64 per cent, to
98 per cent., and 50 per cent, to 98 per cent., respectively; on the

geometry papers the range was from 28 per cent, to 92 per cent.;
and on the history papers from 43 per cent, to 90 per cent. Ruch
(51) has summarized in tabular form the reliability coefficients from
285 ordinary school examinations (essay type) reported by differ-
ent authors. The median reliability coefficient is .59, the range being
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from .97 to .27. By contrast, the reliabilities of standard achieve-

ment tests are nearly always above .80 and are often .90 or more.

The reliability coefficient of the Stanford Achievement Test (33),
for example, was, on the average, .98 in the single age gioups from
seven to fifteen yeais (N was approximately 175 at each age.) The

reliability of the Iowa High School Content Examination (52) was
.95 for 247 high-school seniors; of the Thorndike-McCall Reading
Scale (15) .75 for 154 children, Grades 4 to 8; and of the Hotz

Fiist Year Algebra Scale (52) .92 for 175 ninth-grade pupils.
A word of caution regarding reliability coefficients is apropos at

this point. It must be remembered that a reliability coefficient is

meaningful only when considered in connection with the size and

variability of the group from which it was obtained. If one simply
wishes to estimate the probable future accomplishment of a class

from present achievement in a single grade, a reliability of .50

represents a minimum of usefulness. Over three or four grades such

a reliability coefficient would increase to .80 or .90. When the range
of talent within a group is narrow, the reliability of even a carefully
constructed test will be low (33).

5. The E.A., E.Q., and A.Q.
The E.A. or educational age is a rating analogous to the M.A. or

mental age obtained from an intelligence test, and is derived in the

same way. For example, the average score on an educational achieve-

ment test made by eight-year-olds represents an E.A. of eight years,

the average score made by nine-year-olds, an E.A. of nine years,

and so on. When the E.A. is divided by the C.A., the resulting ratio is

called the E.Q. or educational quotient. The E.Q. is analogous to

the I.Q., and represents the child's educational achievement relative

to his life age. Still another ratio, the A.Q., is often calculated. The

A.Q., or accomplishment quotient, is the E.Q./LQ. or the E.A./M.A.,

and is a measure of the educational achievement of the child rela-

tive to his general intelligence or brightness.

Various objections, statistical and otherwise, have been brought

against the use of the E.Q. and the A.Q. Since E.A.'s are simply

average performances on educational tests, such averages will often

differ widely for the same school subject, e.g., arithmetic, because

of differences in the length and difficulty of the tests, differences in

reliability, and differences in the size and character of the groups
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used for standardization. The E.Q., which depends directly upon
the E.A., will also vary for the same reasons. Rand (49) has shown

that the standard deviation of E.Q.'s is usually smaller than the

standard deviation of LQ.'s calculated from the same groups. This

means that even when an E.Q. of 100 corresponds to an I.Q. of 100,
the E.Q.'s of children below the mean will usually be higher than

their LQ.'s, while the E.Q.'s of children above the mean will be

lower than their LQ.'s. To illustrate this effect, suppose that in a

given group the S.D. of the E.Q.'s upon a given educational achieve-

ment test is 6; and the S.D. of the LQ.'s upon a general intelli-

gence test is 10. Then if a child is one S.D. above the mean in both

educational achievement and general intelligence, his E.Q. will be

106 and his I.Q. 110. Instead of the two ratios having the same

value, as they should since the child is equally advanced in both

tests, the E.Q. is four points less than the I.Q., because of the differ-

ence in range. Furthermore, the child's A.Q. is 106/110, or 96
instead of 100 as it should be, since our subject's educational

achievement is equal to his general intelligence advancement. On
the other hand, if a child is one S.D. below the mean, in both the

educational and the intelligence tests mentioned above, his E.Q. will

be 94 (100 6) and his LQ. 90 (100 10), the A.Q. being 105,
instead of 100. Clearly, in such cases, the units of E.Q. and I.Q. are
not equal or comparable throughout their range.

The tendency for children of high I.Q. to have somewhat lower

A.Q.'s, and for children of low I.Q. to have somewhat higher A.Q,'s,
is further shown in the negative correlation usually obtained between

I.Q. and A.Q. Popenoe (46) reports a correlation of .46 between

I.Q. and A.Q. for 469 children in Grades 3 to 8. In addition to the

error introduced by the ratio method, part of this negative correla-

tion is doubtless owing to the fact that bright younger children are

kept working in grades below their mental level while slow older

children are pushed ahead. The net result of such a procedure is to

lower the A.Q.'s of the brighter children and to raise the A.Q.'s of
the duller children. It is worth noting that inequalities in promo-
tion could very well account for this situation, even if the E.Q. and

I.Q. scales were equivalent throughout their range.
For an E.Q. to remain constant, the age-progress curve of the

educational test from which the E.A. has been obtained should be
of the form shown in Figure 1. Makers of educational achievement
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tests, however, like the makers of general intelligence tests, have not

in general bothered much about the age-progress curves of their

tests. To be sure, age and grade norms are usually supplied, and

these are sufficient for purposes of comparison and classification.

Unless measures of variability at each age are also supplied, how-

ever, it is impossible to tell what the form of the age-progress curve

is. If the growth curve of an educational test is like that of the N.LT.

shown in Figure 7, it would be impossible for the E.Q. from such

a test to remain constant.

The accuracy of an A.Q. depends directly upon the accuracy of the

E.A. and M.A. from which it is derived. Since the A.Q. is a ratio,

it will reflect all of the errors in both the numerator and denomina-

tor. If a child's true I.Q. is 100 and his true E.Q. is 100, the A.Q.

will, of course, be 100 also. An error of +10 points in E.Q., how-

ever, and of 5 points in I.Q. will give an A.Q. of 116. When the

educational and intelligence tests have high reliability; when norms

for both of them are obtained from the same population; and when

the scales correspond throughout their range, the A.Q. may prove
useful as a device for finding whether a child is working up to

expectation, or for comparing him with others in his group. But even

under these ideal conditions its value is distinctly limited. Thus an

A.Q. above 100 is theoretically absurd for a child obviously can-

not do school work at a level above his native capacity. Again, the

tacit assumption made in the A.Q. technique, that the one test is

measuring educational attainment and the other native ability, is

by no means well-founded. Chapman (10) has shown that there is

no reliable difference between the measures given by group intelli-

gence tests and educational achievement tests, while Kelley's con-

clusion that intelligence and achievement tests measure to approxi-

mately 90 per cent, the same thing, has been already quoted (33) .

6. Norms
A decided advantage of the objective educational achievement

test over the traditional examination is that age and grade averages

are established for all standard educational tests. These norms per-

mit a ready comparison of grade with grade or school with school.

They also enable the individual teacher to discover what per cent,

of her class is doing work up to the level of the grade, and to com-

pare individual children within the same grade.
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DIAGNOSTIC VALUE AND GENERAL USE OF EDUCATIONAL

ACHIEVEMENT TESTS IN SCHOOL \TORK

On p. 52 we described some of the ways in which general intelL-

gence tests may be used in the school situation. These were for

purposes of classification, selection, diagnosis of the cause of failure,

admission to first grade, comparison of schools and grades, and

educational guidance. For most of these purposes the standard edu-

cational achievement test will serve as well or better than the gen-

eral intelligence test (41, 54). Instead of classification by M.A.

(p. 53), for instance, we may classify by E.A. Selection and com-

parison may often be made more profitably in terms of educational

achievement, than in terms of general abstract ability. To be sure,

there are occasions when the general intelligence test is more useful

than the educational test. These are (1) in determining the eligibil-

ity of children for admission to the first grade before any formal

training has been given; (2) in estimating the probable limit of

achievement for a given child early in his school career; (3) in

estimating the scholastic aptitude of a child whose education has

been "spotty" because of absence due to illness or interrupted train-

ing; and (4) as an aid in determining the eligibility of a candidate

for admission to college whose background is not of the conventional

sort. Intelligence tests are useful, too, when only a short time can be

devoted to the estimation of prospective scholastic aptitude.

On the other hand, in order to estimate probable achievement in

a single school subject, or the probable general scholastic success of

an elementary school child who is entering high school, the educa-

tional achievement test is much superior to the general intelligence

test. It certainly is more reasonable to estimate future ability in a

specific subject by past performance in the same subject, than to

estimate it in terms of general ability. Intelligence tests and achieve-

ment tests, as has been said above, are to be thought of as supple-

mentary, rather than as measures of different kinds of ability. The

general intelligence test is the more useful as a measure of general
academic expectation; the educational achievement test is by far the

better measure of concrete scholastic performance.

SOME TYPICAL EDUCATIONAL TESTS

The following list of educational tests is a sample selected from various

tests in the field. References to many other educational tests suitable for
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diffeient grades will be found in the ''Tests and Test Materials" at the end
of this chapter.

1. Achievement Tests

American Council on Education Achievement Tests in French, German, Span-
ish, Civics and Government, Economics, Euiopean Histon, Solid Geometry,
Trigonometry. World Book Company, Yonkeis, New Yoik. High school and

college.

Buckingham Scale for Problems in Arithmetic. Public School Publishing

Company, Bloominglon, Illinois. Grades 3 to 0.

Columbia Research Bureau Tests in Algebia, English, American History,

French, Chemistiy, German, Geometry, Spanish, Physics. World Book Com-

pany, Yonkeis, New Yoik. High school and college
Hotz Algebra Scale. Bureau of Publications, Teachers College, Columbia

University. First-year algebra.
Iowa High School Content Examination. Buieau of Educational Research

and Service. Univeisity of Iowa, Iowa City, Iowa. High-school seniors and

college freshmen.

Monison-McCall Spelling Scale. World Book Company, Yonkers, New York.

Grades 2 to 3.

New Stanford Achievement Test. World Book Company, Yonkers, New York.

Primary examination, Grades 2 to 3; Advanced examination, grades 4 to 9.

Ruch-Cossmann Biology Test. World Book Company, Yonkers, New York.

High school and college.

Sones-Harry High School Achievement Test in Language and Literature,

Mathematics, Science, and Social Studies. World Book Company, Yonkers,
New York. High school.

Thorndike-McCall Reading Scale. Bureau of Publications, Teachers College,

Columbia University. Grades 2 to 12.

2. Primarily Diagnostic Tests

Barr Diagnostic Test in American History. Public School Publishing Com-

pany, Bloomington, Illinois. High school.

Compass Diagnostic Tests in Arithmetic. Scott, Foresman and Company,

Chicago, Illinois. Grades 2 to 8.

Gates
9

Silent Reading Tests. Bureau of Publications, Teachers College, Colum-

bia University. Grades 3 to 8.

Pressey Diagnostic Tests in English Composition. Public School Publishing

Company, Bloomington, Illinois. Junior and senior high-school grades.

Sangren-Woody Reading Test. World Book Company, Yonkers, New York.

Grades 4 to 8.

3. Prognostic Tests

Iowa Aptitude Tests in English, Mathematics, Foreign Languages, Chemistry,

and Physics. Bureau of Educational Research and Service, University of

Iowa, Iowa City, Iowa. High school and college freshmen.

Orleans' Algebra Prognosis Test. World Book Company, Yonkers, New York.

Junior and senior high school.
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Orleans
9

Geometry Prognosis Test. World Book Company, Yonkers, New
York. Junior and senior high schools.

Orleans-Solomon Latin Prognosis Test. World Book Company, Yonkers, New
York. Junior and senior high schools.

Rogers' Test for Diagnosing Mathematical Ability. Bureau of Publications,

Teachers College, Columbia University. Junior and senior high schools.

Wilkins* Prognostic Tests in Modern Languages. World Book Company,

Yonkers, New York. High school.

TESTS AND TEST MATERIALS

Catalogues describing a large variety of intelligence and achievement tests,

and of test materials, may be secured from the following publishers:

1. World Book Company, Yonkers, New York.

2. Public School Publishing Company, Bloomington, Illinois.

3. Bureau of Publications, Teachers College, Columbia University, New
York City.

The C. H. Stoelting Company, 424 North Homan Avenue, Chicago,

Illinois.

5. The Marietta Apparatus Company, Marietta, Ohio.

6. Southern California School Book Depository, Los Angeles, California.

7. Bureau of Educational Research and Service, University of Iowa, Iowa

City, Iowa.

8. Harlow Publishing Company, Oklahoma City, Oklahoma.

9. Psychological Corporation, 522 Fifth Avenue, New York City.

10. Educational Test Bureau, Inc., University and Fifteenth Avenues, S.E.,

Minneapolis, Minnesota.

11. C. A. Gregory Company, 345 Calhoun Street, Cincinnati, Ohio.

12. Houghton Mifflin Company, Boston, Massachusetts.

13. Center for Psychological Service, Washington, D. C.
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CHAPTER II

PERFORMANCE AND NON-LANGUAGE TESTS OF
GENERAL MENTAL ABILITY

THE present chapter deals with those groups of performance and

non-language tests which have been especially designed to measure

general mental ability. In Chapter / we found that the verbal intelli-

gence tests measure in large part what we have called abstract or

scholastic ability. These tests, in other words, investigate the ability

to read and comprehend, to solve problems expressed in words or

figures and to grasp relations represented symbolically. In contrast

to verbal tests, non-language tests demand a minimum of written

or spoken language. Problems presented by means of pictures, dia-

grams, charts and the like call for ingenuity in perceiving relations,

speed of sensory-motor learning, and skill in using non-verbal sym-
bols to arrive at the solution of a problem. In so far as the analysis

of content is concerned, language and non-language tests seem to

be assaying much the same aspects of ability. But this task is accom-

plished through the medium of different material.

Performance tests differ from both language and non-language
tests in that they require the subject to do something rather than to

say something or to write or mark his answer. Form boards, for

example, blocks, picture puzzles, and simple tests requiring memory
and manual movement, present concrete problems the solution of

which is oftentimes as much a matter of manual activity as of mental

alertness. Such tests seem to be measures, predominantly, of the

speed and accuracy of manipulative and perceptual activity, al-

though ingenuity and skill in logical selection and discrimination

would also seem to be required.

Performance scales and non-language tests have been constructed

primarily for use with two groups of subjects: (1) Pre-school chil-

dren who have not yet acquired written language; and (2) children

and adults for whom tests involving written or spoken language are

obviously unfair. In this latter group are the foreign-born who do

69
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not speak English; those who stammer or stutter or have other speech

defects; the deaf; and those whose use of language is limited because

of deprivation from normal contacts or because of a restricted en-

vironment. Performance tests are often used, too, in vocational guid-

ance, particularly in the case of those children who find difficulty

in performing ordinary school tasks.

In the following section, we shall first consider performance scales

designed for use with pre-school children. Because of their simplicity

these tests have little application in other groups. Oftentimes, how-

ever, they may be used to advantage with low-grade or feeble-minded

adults.

TESTS FOR PRE-SCHOOL CHILDREN

1. Criteria for Selection

It is necessary to exercise more than ordinary care in the selec-

tion of tests for use with young children. Such factors as interest,

attention span, length of task, fatigue and positive as well as negative

incentives have a special importance here and must be carefully

considered. It will be valuable, therefore, to list several important
criteria which have been set up for the selection of tests for the pre-

school child (35).

(a) Test Material Must Be of Primary Interest to the Child:

Young children like to manipulate things, to make noises and to

work with and pull objects about. For this reason simple tasks involv-

ing brightly colored objects, blocks, sticks, balls and so forth are

most often used as tests. Such things have an immediate appeal to

the child's interest, and serve to call forth maximum attention and

effort.

(b) A Wide Range of Activities Should Be Tested: No one single

test can be a fair measure of a child's ability, for even in very young
children experience and interests differ widely. A large number of

activities, therefore, should be sampled before any conclusion as to

the child's level of mental development is drawn. The wider the range
and the more varied the tasks employed, the greater is the chance

of obtaining a fair measure of a child's abilities and of securing
results which will be comparable at different ages.

(c) Tests Should Measure Fundamental Abilities: Tests which
measure discrimination of color, of size and of shape; judgment
and quickness of apprehension; dexterity of movement and motor
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control; and adaptability in solving prepared problems are more

valuable as measures of mental development than are those which in-

volve routine information or specifically acquired habits.

(d) Tests Should Be Easy to Give, and as Far as Possible Require

Fairly Simple Material: Test material which is familiar, and which

can be manipulated by the child himself, creates a much more favor-

able situation than more formidable-looking apparatus which is

liable to disturb or upset the timid child. The briefer the directions,

the longer the time which the examiner may spend in studying the

child's reactions.

(e) Differentiation: It is important that the tests of a scale dis-

criminate clearly between the different age levels in the case of young
children because of the rapid growth changes during the early years.

A good test of early mental development is one which shows a stead-

ily increasing percentage of passes as we go up the age scale.

In addition to those criteria which bear directly upon the selection

of tests for very young children, there is a general statistical require-

ment which a completed scale should meet, namely, that its norms be

based upon adequate samples. This requirement is especially hard to

carry out at the lower age levels. Children in nursery schools or

those brought to fairs for "baby contests" are probably somewhat

above the average child; while children in institutions or in orphan
schools are usually below the average. Ideally, our samples should

include members of both these groups, but neither group exclusively.

In judging a scale for pre-school children, the adequacy of the sam-

ples from the point of view of selection should always be con-

sidered.

REPRESENTATIVE INDIVIDUAL SCALES FOR USE WITH THE

PRE-SCHOOL CHILD

Individual scales developed for use with young children are nec-

essarily composed of performance tests. Ordinarily, they consist of

systematic observations of a child's voluntary behavior, and of his

responses to simple tasks set up by the experimenter. The scales

described in this section were designed especially for use with the

pre-school child. In this respect they differ from both the Stanford-

Binet and the Kuhlmann-Binet, which, while they include low-level

tests for use with very young children (p. 8), cover a much wider
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age range than those here described. The Stanford Revision contains

a variety of simple performance tasks in age-levels three to six,

while the Kuhlmann Revision includes tests which extend to the three-

months level. These low-level tests in the Kuhlmann Scale are essen-

tially the same kind as those found in the pre-school scales. Group
tests of non-language activities designed for kindergarten and first-

grade children are described later on p. 91.

1. The Biihler Babytests
Tests for the first and second years of life have been developed

in Vienna by Charlotte Biihler (5) and her assistants. Four lines

of activity are sampled by these tests: (a) Body control and co-

ordination; (b) mental ability as shown by imitation; (c) voluntary
control and manipulation, memory and attentiveness ; (d) social de-

velopment, such as smiling when another smiles, frowning when

another frowns, actively seeking contacts, manipulation of objects

as shown in the development of play, use of toys, active use of mate-

rials, etc. The first-year series consists of ten tests for each month

from two to eleven; the second-year series, of four groups of tests

(ten in each group) placed at each three-month period from one year
to two years.

The nature of the Biihler Babytests can best be shown, perhaps,

by reproducing the tests at a given age level. We have selected the

three-month level for illustration. The letters S, B, M and tell

whether the test is regarded by the authors as predominantly a meas-

ure of social, bodily, mental or "object-manipulation" development.

THREE-MONTH LEVEL

S 1. Returning a glance with smiling or cooing.
B 2. Holding head and shoulders erect in a prone position.

B 3. Flight movements of whole body in response to tactile stimula-

tion.

M 4. Seeking a source of a sound with eyes.

M 5. Following moving objects with eyes.

M 6. Changed reaction upon repeating the presentation of an auditory
stimulus.

M 7. Reaction to the disappearance of a human face.

M 8. Reaction to mask placed on familiar face.

M 9. Imitating facial grimaces.
10. Active touch (or feeling) of a flat object.

Although directions for administering the Babytests are quite de-
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tailed, considerable training is necessary before one can use the

scale effectively. In addition to the tests at the baby's C.A. level,

those at the two levels below and at the two levels above are also

given. Scoring was first effected by assigning point credit to the tests

passed, but M.A. credits are now employed as in the Binet Scales.

The Biihler Babytests give promise of being valuable measures

of physical and mental development. The tests were chosen after

a preliminary try-out and period of observation, and the allocation

of tests at different age levels is reported to be based upon results

from about 400 children. More work should be done with them,

however. At present their norms are somewhat inadequate, and their

standardization is not entirely satisfactory. The reliability of such

tests as these is, of course, very difficult to estimate. However, the

author reports (5) that retests on twenty-five babies after periods of

from four to twelve months were in good agreement with first

records.

2. Gesell's Developmental Schedules

The Gesell schedules are not tests as usually understood, but

rather estimates of development based upon careful observation by
trained observers of the child's total behavior (15, 16). Four fields

of activity are represented by the items: Motor, language, adaptive

and personal-social behavior. The Gesell schedules cover each month

from one to ten; there are tests also at twelve, fifteen, eighteen,

twenty-one, twenty-four and thirty months, and at four, five and six

years. The nature of the kinds of behavior studied may be shown

concretely by citing some of the normative items established for the

four kinds of activity at different month levels. The following are

samples:

(a) Motor Development: Makes crawling movements when laid

prone on a flat surface (one month) ; holds head steady when carried

or when swayed (four months) ; raises self to sitting position (eight

months) ; walks with help (twelve months) ; walks attended on the

street (twenty-one months) ; copies vertical or horizontal lines (thirty

months).

(b) Adaptive Behavior: Retains definite hold of a ring when it

is placed in the hand (one month) ;
turns head in pursuing slowly

vanishing object (four months); utilizes handle when lifting in-

verted cup (eight months) ; secures a cube wrapped in paper (twelve
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months) ; folds paper once on demonstration (twenty-one months) ;

attempts to build bridge from model (thirty months).

(c) Language Behavior: Has differential cries for discomfort,

pain and hunger (one month) ; laughs aloud (four months) ; vocal-

izes in interjectional manner (eight months); says two "words"

(twelve months) ; repeats things said (twenty-one months) ; names

five pictures (thirty months).

(d) Personal-social Behavior: Shows selective regard for the face

(one month) ; plays in a simple manner with a rattle (four months) ;

pats or smiles at a mirror image (eight months) ;
inhibits simple

acts upon command (twelve months) ; asks for things at the table

(twenty-one months) ; gives full name (thirty months).
A child's performance on an item is scored A+, A, B+, B or C,

The letter assigned indicates the relative frequency with which the

given behavior is found at the child's age, and hence his degree of

development. A+ means that the behavior is found in from 1 to

19 per cent, of children at the given level, and thus indicates ad-

vanced development; while C means that the behavior occurs in

from 85 to 100 per cent, of children at the given level, and hence

indicates a considerably slower developmental rate. The Gesell

schedules are carefully selected, sample a wide variety of behavior

activities, and are well standardized. No provision is made for

obtaining a generalized expression in terms of M.A. or LQ. from

these tests. While this renders the schedules less useful, perhaps,
than other scales to the practical psychologist, it permits a truer

picture of the regularities and irregularities of development. In the

hands of an expert, these tests yield the best summary now available

of a child's level of physical and mental development.
The Gesell tests may be purchased from the C. H. Stoelting Com-

pany, Chicago, Illinois.

3. The Merrill-Palmer Scale of Mental Tests

Investigation which led to the Merrill-Palmer Tests was begun in

1922 under the direction of Helen T. Woolley (35, 36). The com-

pleted scale contains ninety-three different tests. These have been

arranged in order of difficulty and are applicable to children from
one and one-half to six years of age. The tests range from such

clearly physical and manipulative activities as building a tower of

colored blocks, fitting cut-out pieces into a form board, buttoning a
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button and throwing a ball, to simple language tests such as answer-

ing questions, repeating words, and giving the "agent" answers in

the Woodworth-Wells Action-Agent Controlled Association Test

(Chap. IV, p. 113).
Norms for the Merrill-Palmier Scale are based upon 631 children,

300 boys and 331 girls. These children were secured from public
and private schools, children's agencies and health clinics, and con-

stitute good samples of the age levels covered by the scale. The order

of difficulty of the test items was determined by calculating the age
at which exactly 50 per cent, of the children solved a given item

correctly. The "age at par," as this point was called, was located, for

example, at thirty-three months for the Nest of Cubes Test, and at

sixty-nine months for the Manikin Test.

The Merrill-Palmer Scale yields a point score which can be trans-

lated into an M.A. equivalent. Percentile equivalents and S.D. equiva-

lents to point scores have also been calculated for each age level.

To find the S.D. score for a child we first determine the child's

M.A. from his point score. At each chronological age level, the dis-

tance in mental months of children who are removed =^.5", ^l^,

^l^o-, =t=2<r and =i=21/^
' from the mean has been calculated. The

S.D. position of the child in his age group can be found, therefore,

in terms of his M.A. From this S.D. position and the child's chrono-

logical age, an I.Q. may be obtained. Use of the I.Q. is not recom-

mended, however, since the S.D. of test scores at successive six-

month intervals shows no consistent increase.
1 To illustrate the usual

procedure, suppose a child four years old earns a point score of

68 on the test. This score corresponds to an M.A. of fifty-two months,

and represents a position in the child's age group +.5" above the

mean. The I.Q. of a child forty-eight months old and +.5* above

the mean of his group is approximately 108.

Directions for administering and scoring the Merrill-Palmer Scale

as well as norms of achievement are given in Mental Measurement

of Pre-School Children, by Rachel Stutsman. Like other individual

scales, these tests cannot be given by a novice, and considerable

training under supervision is necessary before confidence can be

placed in an examiner's results. Test materials, scoring blanks, etc.,

for the Merrill-Palmer Tests can be purchased from the C.H. Stoelt-

ing Company, Chicago, Illinois.

1 See p. 14 for conditions necessary to give a constant I.Q.
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IMPORTANCE OF TESTING YOUNG CHILDREN

The importance of determining the developmental level of a child

at an early age is much greater than is usually supposed. Many
physical defects in vision and hearing can be corrected if discovered

early, as can also many motor defects, such as poor coordination and

awkwardness of movement due to a lack of muscular development.

If the child is defective mentally it is well to face the fact early and

to adjust the training so that it will lie within the child's grasp. Bad

social and personal habits in eating, in caring for eliminative func-

tions and in reacting to people, are better understood and more read-

ily handled when the developmental level of the child is known.

Unhappiness, bordering on tragedy, may result if a child of aver-

age, or even somewhat above average, ability, is treated by his par-

ents as though he were a genius, or on the other hand is scolded as

being exceedingly stupid. When a child is average or below average

mentally, obviously he should not be pushed beyond his depth by
ambitious parents. On the other hand, if a child is extremely bright,

skillful guidance is necessary if he is to realize his full possibilities.

Knowledge of a child's mental, motor and social development en-

ables a parent to adapt his training intelligently, and the better to

plan for the future.

Social agencies are hesitant to offer for adoption young children

known to be mentally deficient Much waste of time, energy and

money can be avoided if foster parents know the educational and

social possibilities of an adopted child at an early age.

INDIVIDUAL PERFORMANCE SCALES DESIGNED

TO MEASURE GENERAL ABILITY

Most individual performance scales span a much greater age

range than those just described, and are applicable to children up to

adolescence, and even to retarded adults. Some of the best-con-

structed and most frequently used performance scales will be de-

scribed in this section. Many single performance tests are described

in Chapters II and III.

1. The Pintner-Paterson Scale of Performance Tests

This scale consists of fifteen manipulative and performance tests

which depend to a very slight degree upon the subject's ability to
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comprehend and use spoken language (26). Facility in written or

spoken language depends partly upon innate capacity, and partly

upon home and environmental advantages. Not only does the

Pintner-Paterson Scale rule out the obvious advantages accruing to

speech from the cultured home, but, more important, it is extremely

useful for estimating the abilities of the foreign-born, of the deaf,

and of speech defectives. It is useful, too, as a supplement to the

Stanford-Binet, when children or adults of the so-called "verbalist"

type are encountered, i.e., those in whom a superficial language

facility gives a specious impression of a greater degree of abstract

intelligence than is actually possessed.

Seven of the fifteen tests in this scale (see Figure 9) are of the

form board and three of the picture completion type. In the first

group are the Seguin Form Board; the Five Figure Board; the Two

Figure Board; the Casuist Form Board; the Triangle Test; the Diag-
onal Test; and the Healy Puzzle A. These tests are alike in that blocks

or cut-out pieces of different sizes and shapes are to be fitted into

appropriate depressions in a board. The picture completion tests are

the Mare and the Foal; the Ship Test; and the Healy Picture Comple-
tion Test, 1. These tests are of the well-known picture puzzle type,

and consist of highly colored pictures glued upon a board. Various

parts or sections of the picture can be removed in the form of blocks,

and these must be fitted into their correct places by the child in order

to make the picture complete. The remaining five tests in the Pintner-

Paterson series are not easily classified, and may be described indi-

vidually as follows:

(a) Manikin Test: Six wooden pieces, representing the head, the body,
the two arms and the two legs of a man, are to be fitted together in correct

position. Quality of performance is scored.

(b) Feature Profile Test: Eight pieces are to be put together to make a

human face. Time taken to complete is scored.

(c) Substitution Test: This is the Woodworth-Wells Symbol-Digit Sub-

stitution Test described in Chap. IV, p. 94.

(d) Adaptation Board: This test is intended to measure the child's ability

to follow on a board certain designated movements made by the experi-

menter.

(e) Cube Test: Four cubes placed before the subject are tapped by the

experimenter with a fifth cube in a given order. The subject's task is to

observe and repeat the experimenter's movements. The score is the number
of combinations correctly reproduced.



PERFORMANCE AND NON-LANGUAGE TESTS 79

For general testing purposes a short scale consisting of ten of the

fifteen Pintner-Paterson tests is recommended by the authors (25).
In this short scale the following tests are omitted: The Triangle Test;
the Diagonal Test; the Healy Puzzle A; the Substitution Test and
the Adaptation Board. In many respects the short scale is to be pre-
ferred to the long scale, since the latter is rather heavily weighted
with form board material.

The performance tests of the Pintner-Paterson Scale are scored

objectively in terms of time, errors and number of moves sometimes

one and sometimes more than one of these measures being employed.
Directions consist of simple demonstrations of what is to be done,
followed by the words, "Do this," or "Put this together as quickly as

possible."

The age range covered by the Pintner-Paterson series is from four

to fifteen years, but no single test is discriminative throughout this

range. With normal children the Seguin Form Board will not differ-

entiate beyond age ten; and the Manikin Test beyond age six. Other

tests of the series, however, are useful up to twelve or even fourteen

years, while the Feature Profile Test has little value before ten years.

In constructing a year scale, the authors have followed the general

principle of assigning a test to the age group in which 75 per cent,

of those tested pass the test. The limits in time, moves or errors set

as the norm for any given age level are the twenty-fifth percentile

at that age, and the twenty-fifth percentile of the age next above. If,

for example, a seven-year-old child makes a score which falls be-

tween the twenty-fifth percentile for seven-year-olds and the twenty-

fifth percentile for eight-year-olds is in the upper 75 per cent, of

his own group, or lower 25 per cent, of the age group next above

he is given an M.A. of seven years. Three methods of scoring the

tests and of determining a general mental level have been employed:

the point scale method; the percentile method; and the median men-

tal age method.

In the point scale method a child is assigned a variable number of

points in accordance with his performance on each separate test, and

his M.A. is determined from the sum of the points earned on all of

the tests. In the percentile method the percentile ratings of a child on

the several tests are combined to give a final percentile rating in his

age group. In the method of median mental age, a mental age for
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each test is determined from established norms, and the median of

these several M.A.'s is taken as the final M.A. rating. This last method

is the one generally used. Not all of the tests in the scale need be

given in order to get a final rating by any one of these methods. This

adds considerably to the flexibility of the scale.

While the Pintner-Paterson Scale gives fairly stable and consistent

results when scored by a single method, the three methods of scoring

do not correspond closely. It is not unusual to secure quite divergent

final M.A. ratings for the same child when two or more methods of

scoring are used. Considerable scatter, too, will ordinarily appear in

the M.A.'s calculated for the same child from the separate tests.

Part of this variability is due to the fairly specific functions meas-

ured by the test; and part arises from the instability inherent in

simple manipulative tests of this sort. Because of this instability, the

M.A.'s obtained from separate tests in the series are admittedly rough
measures. Chance and luck are decidedly important factors in the

simpler form boards; and the puzzle type of test, once solved, is never

the same task the second time. For thirteen tests, ten of which were

taken from the Pintner-Paterson series, Gaw (14) obtained relia-

bility coefficients of .76 and .54. The first r was based upon results

obtained from a group of ten-year-old boys; the second upon results

obtained from a group of ten-year-old girls. "When the reliability of

the composite is no greater than this, the reliabilities of the separate
tests must be quite low. Johnson and Schriefer (21) report that the

correlations between M.A.'s obtained from the separate Pintner-

Paterson tests, and the median M.A. from the whole scale, range from

.13 to .70, with a median at .50. Such a wide range of correlations

between separate tests and total score indicates considerable

specificity in the abilities measured by the single tests.

The reliability coefficient of the Pintner-Paterson Scale (median
mental age method) found by retesting 107 children from three to

eleven years old, is reported by Johnson (20) to be .97. This ex-

tremely high reliability is in part a function of the wide age range,
and would undoubtedly be much lower for single age groups (p. 59) .

The Pintner-Paterson Scale is most reliable and hence most val-

uable when used with young children and with retarded or mentally
deficient adults. Although few of the tests have discriminative value

at the upper age levels, wide divergencies from the norms estab-

lished for the separate tests are probably always significant. But
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little confidence can be placed in the small differences which are

usually found between groups of the opposite sex, or groups of differ-

ent racial extraction.

2. The Goodenough "Drawing a Man" Scale

The Goodenough "Drawing a Man" Scale (17) measures a child's

mental development in terms of his keenness of observation, and his

ability to select certain significant items from his environment. The
task set by the experimenter is to draw the figure of a man. The
human figure was selected because it represents a subject which is

familiar and interesting to young children. Directions for the test are

simple, the child being told merely to "Make a picture of a man.
Make the very best picture that you can.

55 No coaching or sugges-
tions by the experimenter are permitted.

After extensive preliminary trial a scoring scale of fifty-one points
was drawn up by means of which the subject's performance is rated.

No account is taken of the artistic or lack of artistic qualities in the

picture. The child's final score depends upon the presence or absence

of such fundamental items as legs, arms, eyes, fingers, nose and

mouth in two dimensions; arms and legs attached to the trunk, pro-

portion of parts, etc. Upon the basis of results from nearly 4,000

children, age norms corresponding to point scores have been estab-

lished. A score of ten points, for example, gives the child an M.A.

rating of 5.5 years; a score of thirty-four an M.A. rating of 11.5

years. The scale covers a range of ability from 3 to 13 years,

but is most effective between the ages of 4 and 10. The author sug-

gests that I.Q.'s may be calculated in the usual way, by dividing

M.A. by C.A. This is a dubious procedure, however, since the S.D.'s

of the point scores (or of the M.A. norms) do not show the progres-

sive increase from year to year which is necessary to keep the LQ.
constant. Thus, if a child who is 2^ above the mean at age four

maintains the same degree of superiority at successive ages, his LQ.
will decrease twelve points between four and seven years. At the

ages of four to six this child is twenty-one months advanced, his

M.A. being 6-3 and his LQ. 138; while at seven and one-half years

he is twenty-four months advanced, his M.A. being 9-6 and his

LQ. 126.

The reliability coefficient of the Goodenough tests is .94 (17) . This

correlation was determined by retesting 194 first-grade children.
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The reliability coefficient for ages five to ten taken separately is .77,

on the average. Girls do slightly better than boys on the test, but the

sex difference is not marked. The author reports that art instruction

as given in the grades has little effect upon the child's score.

3. The Kohs Block Design Scale

The Kohs block design scale (22) is a measure of manual activity,

as well as of the accuracy and fidelity of perception of likeness and

difference. Sixteen colored cubes are employed in this test. Four

sides of each cube are painted in white, blue, red and yellow, re-

spectively; the other two sides are divided diagonally, one side being

painted half blue and half yellow; the other half white and half

red. Before beginning the test, the experimenter examines the sub-

ject's recognition of the colors. In administering the test proper a

card containing a design made up of white, blue, red and yellow

squares is placed before the subject, who is instructed to duplicate

this design with the blocks given him. If the child does not under-

stand what he is to do the experimenter completes a trial design,

using pantomime. There are seventeen designs in the series, arranged
in order of difficulty. Scoring is in terms of time and moves. Each

separate and distinct change in the position of a block from its initial

position on a table is counted a move.

The Block Design Test was standardized upon a group of 366

children, including both normal and retarded subjects. A child's

score is determined by the difficulty values of the designs which he

does correctly, supplemented by a record of the time taken to com-

plete, and the number of moves. To illustrate the scoring procedure,

if a child does design V correctly in less than -thirty-six seconds and

in eleven moves, seven is added to his score; if his time is thirty-six

seconds to one minute five seconds, one point is subtracted, and if his

moves are greater than eleven, another point is subtracted. The final

score is converted into a Stanford-Binet mental age equivalent, the

probable error of which is sixteen months. This means that in one-half

of the cases a child's mental age, as determined by the Block Design

Scale, will not differ from his Stanford-Binet mental age by more
than one year four months.

The Block Design Scale, like the Goodenough Drawing Scale,

measures presumably a rather specialized activity. For this reason

it has been most generally employed as supplementary to Stanford-
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Biiiet, or some other language or verbal test. This test may be pur-
chased from the C. H. Stoelting Company, Chicago, Illinois.

4. The Porteus Maze Scale

This series of tests (29) resembles die two scales just described

in that it employs only one type of performance, namely, that of

tracing the correct pattern through a series of mazes which have

been graded for difficulty. There are eleven mazes in the scale.

These have been standardized for the ages three, four, five, six,

seven, eight, nine, ten, eleven, twelve and fourteen, one maze at each

age. The first arrangement of the tests at age levels was drawn up
by the author in 1916 as a result of the testing of 1,000 Australian

children, five to fourteen years of age. All of these children had

been given the Binet tests, and the mazes were validated against
Binet M.A. In 1918, as a result of re-standardization upon a group
of 1,255 children, several of the tests were revised, and two were

discarded and others substituted for them. Although this improved
the age assignments of the tests, the scale is still somewhat coarse.

Burt (6), who has used the Porteus tests with London school chil-

dren, suggests that "the mazes as a whole be regarded as forming a

single graded test series, roughly increasing in difficulty rather than

as marking definite mental ages."

The Porteus mazes are reproduced in Figure 10. The task set in

all of the mazes is to trace out with a pencil the correct pathway
from entrance to exit. The M.A. is computed by deducting from the

highest age at which a test is passed, a year for each test failed at

a lower age level, and one-half year for each lower age test passed

on a second trial. Instructions for giving the maze tests and specific

directions for scoring are given in the monograph: Guide to Porteus

Maze Test, Publication of the Training School at Vineland, New

Jersey, Department of Research, No. 25, March, 1924.

The reliability coefficient of the Porteus mazes based upon re-

tests of 110 normal children seven to seventeen years old is reported

by Morgenthau (24) to be .95. This very high reliability coefficient

must be interpreted with due regard for the wide age range of the

children tested.

Porteus has made a strong claim for the maze as a measure of

such important social traits as prudence, foresight and planning

capacity. The Binet tests he considers to be largely measures of edu-
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cational aptitude, and for this reason holds that the mazes are a

valuable supplement to the Binet M.A. Porteus
9

contention is based

partly upon an a priori analysis of his tests, and partly upon the

correlations of his mazes with Binet M.A. and with ratings for in-

dustrial, social and educational capacity made upon inmates of the

Vineland Institution (29). In a group of twenty-nine feeble-minded

males the correlation of Binet M.A. with educational capacity was

.64; and with ratings for social and industrial capacity, .50 and .62,

Figure 10. PORTEUS MAZE TESTS FOR AGES 8, 9, 10, 11, 12, AND 14

(Reproduced by courtesy of the C. H. Stocking Co.)

respectively. In the same group the correlation of the Porteus mazes

with educational capacity was only .27, while with social and indus-

trial capacity the r's were .55 and .67. The correlation between

Binet M.A. and Porteus M.A* was .21. In a group of forty-four

feeble-minded women the correlations of Binet M.A. with educational

capacity was .81 ;
with ratings for industrial and social ability .66

and .59. The correlations of the Porteus mazes with educational,

industrial and social capacity in the same group were .59, .75 and

.73, respectively. Porteus M.A. and Binet M.A. correlated .60.

From the fact that the mazes correlate somewhat higher than
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Binet with industrial capacity and social capacity, and from an ex-

amination of many individual records, Porteus concludes that his

mazes measure aspects of character and temperament not tested by
the Binet. While this may be true, the evidence for it is exceedingly

meager. To be sure, Burt considers the Porteus mazes to be useful

supplements in "estimating social as distinguished from educational

efficiency" (6). But just how he knows that social efficiency is the

trait measured by the maze is not made clear. The Porteus mazes may
be purchased from the C. H. Stoelting Company, Chicago, Illinois.

5. Ferguson Form Boards

The Ferguson Form Boards (12) represent an attempt to construct

a graded series of manipulative tests which can be used from the

PNI

Figure 11. FERGUSON FORM BOARDS

(Reproduced by courtesy of the C. H. Stoelting Co.)

primary grades to the college level. There are six boards in the series,

arranged in approximate order of difficulty by equal steps. The

boards are of uniform size and color, each containing six holes cut

to receive blocks of irregular sizes and shapes. These boards are

represented in Figure 11.

Standardization of these boards was carried out upon 364 subjects

ranging from first-grade children to college seniors. The method of

administering the test is to present the assembled board to the sub-

ject; then empty out the blocks and instruct the subject to replace

them as quickly as possible. Scoring is accomplished by assigning

from zero to five points to a performance, the number of points

assigned depending upon the time taken to assemble the blocks cor-
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reedy upon the board. The median scores by grades for the six

boards show a steady rise from Grade 1 to the college level. There

is also a steady rise in score, when average score for each board is

plotted against school grade. The correlation of the Ferguson boards

and grade position is .81.

Norms for the Ferguson boards when scored by a slightly different

method from the one outlined above may be found in a Manual of

Mental Tests and Testing, by Healy, Bronner, et al. The boards may
be purchased from the C. H. Stocking Company, Chicago, Illinois.

6. Miscellaneous Performance Scales

There are several groups of performance tests, in addition to those

we have described, which deserve mention.

(a) Arthur's Point Scale of Performance Tests (1): This scale

comprises two sets of tests. Form 1 contains eight tests taken from

the Pintner-Paterson series, plus the Porteus mazes and the Kohs

Block Design Test; Form 2 comprises five Pintner-Paterson tests to-

gether with the Healy Picture Completion II, the Porteus mazes,

and the Kohs Block Design Test. Tables have been drawn up from

which performance in terms of time, errors, moves and accuracy

may be converted into points. The point total gives the M.A. The

Arthur Performance Tests have an actual range of from five years to

above fifteen years. Form 2 has been extended by extrapolation to

give M.A.'s up to twenty-one years.

(b) Randall
9

s Island Performance Series (30) : This series of

tests is intended for use with children from two to five years of age,

and with older defectives. It was designed to supplement the Binet,

in order to give a broader picture of ability than that furnished by
the verbal tests alone. Tests in the series are classified under nine

heads, Manual Planning, Form Perception, Social Orientation, etc.

The tests themselves have been selected, for the most part, from the

Merrill-Palmer Scale, Gesell Schedules, and Pintner-Paterson Per-

formance series. The median of the M.A.'s obtained from the nine

activities gives a final M.A. rating.

(c) The Army Performance Scale (41) : This battery of tests was
used with non-English-speaking and illiterate recruits drafted into

the army during die World War. There are ten tests in the series.

Some of these are non-language tests, such as copying designs, digit-

symbol, etc. ; and some are performance tests, such as the Knox Cube,
the Manikin, and the Feature-Profile. Total scores on the scale in
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terms of points can be converted into letter ratings, or M.A.

equivalents.

(d) De Sanctis Scale (8) : This scale consists of six simple tests.

It was intended by its author to aid in the classification of feeble-

minded children, and in the separation of these children from the

normal. Although poorly standardized (23), the tests are ingenious
and probably possess real value. They measure, mainly, perception
and simple manipulative ability.

(e) Other Performance Tests: There are several other groups of

performance tests which are frequently employed as a scale. One of

these is the Worcester Form Board Series (34) which consists of

four tests modeled somewhat after the Ferguson boards. Dear-

born (7) has also constructed several form boards which are graded
in difficulty and used as a battery. Single standard tests are described

in Chapters II and III.

PERFORMANCE SCALES vs. VERBAL TESTS OF GENERAL
INTELLIGENCE

While occasionally used to give a measure of general ability in

terms of M.A., I.Q. or point score, performance scales are most

frequently employed to supplement the Stanford-Binet or some other

verbal or language examination. In this latter use the tacit assump-
tion is made that performance tests measure abilities not reached by
the verbal or language intelligence examination. In the present sec-

tion, we shall examine the evidence for this view. Do performance
scales and verbal tests measure different abilities? The answer to

this question must be sought in the correlations between the two

types of test.

Correlations reported between performance tests and the Binet or

its revisions are surprisingly high. The correlation between Pintner-

Paterson M.A. and Stanford-Binet M.A. calculated for a group of

488 children, three to thirteen years old, is given by Buford John-

son (20) as .83. A correlation of .74 has been obtained by

Goodenough (17) between Stanford-Binet I.Q. and -the Drawing a

Man Test I.Q. in a group of 334 children, four to ten years old. Kohs

reports a correlation of .83 between his Block Design Test and Stan-

ford-Binet M.A. for 366 children from three to nineteen years old.

In a group of 190 normal children, age range four to fifteen years,

Porteus reports (28) a correlation of .69 between the Goddard Re-
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vision of the Binet and the Porteus mazes. In the same study, Porteus

obtained a correlation of .77 between Stanford-Binet and the Porteus

tests in a group of 263 children of the same age range as the group
mentioned above. Correlations of .51, .50 and .56 were obtained by

Ferguson (12) between his Form Boards and Army Alpha, teachers
9

estimates of intelligence and class standing, respectively. Ferguson's

subjects were thirty-six sixth-grade children. The correlation between

the Merrill-Palmer M.A. and Stanford-Binet M.A. is consistently

high (35). On three different trials correlations were .79 for a group
of 159 normal children three to six years old; .79 for a group of

twenty-nine feeble-minded children four to twelve years old; and

.78 for 115 normal children two to six years old. The correlation

of the individual tests of the Army performance scale with Stanford-

Binet M.A. ranged from .48 to .78 (40), while an abbreviated scale

of five tests showed a correlation of .84 with Stanford-Binet. These

correlations are based upon groups of adult soldiers varying in size

from 134 to 260. Most of these men had failed on Army Alpha or

Army Beta.

Taken at face value, these correlations indicate a relatively high

community of function between manipulative and performance scales

on the one hand, and verbal or language tests on the other. But the

evidence, to be entirely convincing, must take account of the wide

age ranges within the groups tested. Older children, provided they
are normal, will always perform better on mental and physical tests

than younger children; not only do they read more rapidly, know
more arithmetic, and comprehend more readily, but they are quicker
and more skillful with their fingers and hands, taller and stronger.

Tests which have been standardized by age levels, i.e., expressly con-

structed to give progressive increases in score with increase in C.A.,

must show correlation over a wide age range, even though the abili-

ties measured by the tests are largely independent. Within a single

age group, for example, the correlation between general intelligence
and height is zero, or negligible. But over a wide age range, scores

on a general intelligence examination and measures of height will

always correlate substantially, because older children are not only
taller than younger children, but they make larger scores. In order

to study the essential community of function between two tests, there-

fore, maturity (age), at least, must be controlled.
1

*It is also desirable to control sex, race and social background.
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When maturity is allowed for, the correlation between perform-
ance scales and verbal tests drops considerably. Johnson and

Schriefer (21) obtained a correlation of .82 between the Pintner-

Paterson series and Stanford-Binet M.A. in a group of eighty-six

children, three to nine years old. Within the same group, however,
the correlation between C.A. and Pintner-Paterson was .78, and the

correlation between Stanford-Binet and C.A. ,95. If we calculate the

correlation between Stanford-Binet M.A. and Pintner-Paterson scale

with age variability "partialed out," i.e., held constant, the relation-

ship between the two tests drops from .82 to .40. This correlation of

,40 agrees closely with the correlations of .41 and .49 obtained by
Gaw (14) between fourteen performance tests, ten of which were

taken from the Pintner-Paterson scale, and Binet M.A., in a group
of fifty-two boys and in a second group of forty-eight girls, average

age of both groups 13.5 years. It is also fairly close to the r of .51

obtained by Ferguson between his Form Boards and Army Alpha in

a sixth-grade group. The age range is narrow in both of these

latter investigations.

Kohs has reported the correlation between his Block Design Test

and C.A. to be .66 within a group of 291 public-school children, six

to seventeen years old (22) ; and the correlation of the Merrill-

Palmer Scale with C.A. was .92 for 631 children one and a half to

six and a half years old (35). Porteus does not give the correla-

tion between his mazes and C.A., but since this test is an age-scale,

we may safely take its correlation with chronological age to be as high

as that of Kohs*. If, now, we take the correlation of Stanford-Binet with

C.A, to lie between .85 to .95 (the exact value will depend upon the

size and spread in the group), the correlations of such performance
scales as Kohs, Porteus and Merrill-Palmer with Stanford-Binet may
be taken as falling, roughly, between .45 and .65, for single age

groups. It seems probable that the high correlation of .84 between

the five tests of the Army performance scale and Stanford-Binet may
be attributed to the fact that the men taking the tests were all so

low-grade that the "language parts" of the Stanford-Binet did not

have a chance to function. Only the lower end of the Stanford-Binet

scale was effective. The r's of the Goodenough Drawing a Man Test

and Stanford-Binet have been calculated separately for each age

group from four to ten years. These r's range from .56 to .86 with

a median at .72. Since maturity does not enter into these r's, a cor-
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relation of .72 would seem to represent the community of function

between the Goodenough test and Stanford-Binet when the variability

due to maturity is eliminated.

The discussion in the last paragraphs leads to the tentative con-

clusion that when maturity is constant the overlap of function

between the ordinary performance scale and a standard language or

verbal test such as Stanford-Binet can be expressed by a correlation

of from .40 to .75. Probably .40 is closer to the typical value than

.75. To a large degree, therefore, it appears that performance scales

are measuring abilities not tapped by the Stanford-Binet, and that

their use by clinical psychologists as supplements to verbal tests is

justified. This conclusion is strengthened by the low correlations

regularly obtained between separate performance tests and verbal

tests in groups in which the age-range is narrow. To cite a few in-

stances, in a group of 113 boys, thirteen years and nine months to

fourteen years and one month of age (11), -the r's of the Porteus

mazes, Knox Cube Test, Woodworth-Wells Substitution Test, Picture

Completion II, Dearborn Form Board, and Cube Construction with a

group of verbal tests (opposites, analogies, composition and the like)

were .23, .31, .53, .26, .14 and .34 the average being .30. The

correlations for the same six tests and the verbal test in a group of

137 girls, of the same age range, were .33, .44, .42, .39, .43 and

.44, averaging .41. Worthington (39) reports r's from .41 to .79

between single performance tests and Stanford-Binet M.A. in fairly

large groups. Turner (38) found correlations of .11, .06 and .13

between Healy Puzzle A and the Otis Group Intelligence Examina-

tion, Terman Vocabulary Test, and Trabue Language Completion
Scale A. These r's were obtained from a group of 108 boys in the

eighth grade. The same investigator obtained an r of .21 between the

Trabue Completion Language Scale A and a composite of four form-

boards of the Pintner-Paterson series: the Five Figure, Two Figure,

Casuist and Triangle. This r was based upon results from 115 eighth-

grade boys. Ross (32) has reported a correlation of .45 between

Stanford-Binet M.A. and three performance tests: Mare and Foal,

Construction A and Construction B. These correlations indicate very
little overlapping of function between single performance tests and

language tests.

In concluding this section, let us compare the correlations of per-
formance tests (taken singly or in groups) with verbal tests and the
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correlation of the Herring Revision of the Binet scale (p. 11) with

the Stanford-Binet. The Herring Revision, like most of the perform-
ance scales, was validated against the Stanford-Binet. But it differs

radically from the performance tests, being almost entirely abstract

and linguistic in character. The r's between the Herring and the

Stanford-Binet have been computed for each age separately from

eight to thirteen, so that maturity is a constant factor. These r's range
from .97 to .99 with an average at .98 (19). They are based upon
from seven to forty-two cases. The average r of .98, based upon 127

cases, should be compared with the r of .40 between Pintner-Paterson

performance tests and Stanford-Binet when maturity is constant

(p. 89) . For practical purposes, the Herring is measuring the same

"intelligence" as the Stanford-Binet; while the Pintner-Paterson is

measuring a concrete and manipulative type of "intelligence" which

is, in most respects, different.

NON-LANGUAGE GROUP TESTS OF GENERAL ABILITY

Non-language or non-verbal group tests of general ability seem,

upon logical grounds, to be more nearly measures of the "abstract"

level than performance tests, since they call for relation finding,

generalization and the utilization of experience, with a minimum
of actual physical movement. We shall describe in this section some

representative non-language group tests; and following this, examine

the correlations of these tests with verbal group batteries in order to

determine to what extent the two varieties of test seem to be measur-

ing the same abilities.

The list of tests here given is not exhaustive. Its purpose is to

acquaint the student with the content of non-language tests by refer-

ence to some of the better constructed and more often used examina-

tions. References to other tests in this field will be found in the

bibliography at the end of this chapter.

1. Army Beta Intelligence Examination. This test was devised by the

Division of Psychology, U. S. Army. (See Figure 12.)

Date: 1918.

Publisher: Beta was originally published by the U. S. government for

use with soldiers. It may be purchased now from the C. H. Stocking

Company, Chicago, Illinois.

Designed foi : Illiterate and non-English-speaking soldiers.

Contents: Seven non-verbal tests: (1) Maze drawing; (2) cube analy-

sis; (3) X-0 series, completing a series of X's and O's arranged in
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different sequences; (4) digit-symbol; (5j number checking; (6) pic-

ture completion; (7) geometric construction. These tests were explained

by gesture and pantomime, and by means of a large demonstration

board. Procedure was acted out before the group.

Scores: Points.

Norms: Averages for various groups of illiterate and foreign-born adults.

Time: Thirty minutes, approximately.

Reliability: Not given, probably as high as that of Alpha (.95) in

large groups.

2. Dearborn Group Intelligence Tests, Series 1, by W. F. Dearborn

Date: 1920.

Publisher: J. R Lippincott Company, Philadelphia, Pa.

Designed for: Grades 1 to 3.

Contents: Examination A: consists of seventeen items or item groups
all non-verbal involving directions, drawing and counting, simple in-

formation, everyday knowledge and substitution learning. Examination

B : consists of five groups of items involving directions, picture sequence,

picture recognition, estimates of distance and substitution learning.

Items are not organized into sub-test groups.
Scores: Points, M.A., I.Q.

Norms: Age.
Time: Thirty minutes, approximately.

Reliability: Not given by author.

3. Detroit First Grade Intelligence Test, by A, ML Engel
Date: 192L
Publisher: World Book Company, Yonkers, New York.

Designed for: First grade.
Contents: Ten non-verbal tests: (1) Information; (2) similarities; (3)

memory; (4) absurdities; (5) comparisons; (6) relationships; (7)

symmetries; (8) designs; (9) counting; (10) directions.

Scores: M. A.'s and seven letter ratings based on scores; also percentiles.

Norms: Age and grade.

Time: Twenty to thirty minutes.

Reliability: Not given.

4. Haggerty Intelligence Examination, Delta 1, by M. E. Haggerty
Date: 1920.

Publisher: World Book Company, Yonkers, New York.

Designed for: Grades 1 to 3.

Contents: Five non-verbal and one verbal test: (1) Following direc-

tions (pictures) ; (2) copying designs; (3) picture completion; (4)

picture comparison; (5) symbol-digit; (6) word comparison. Since tests

5 and 6 employ numbers and words, this list is not suitable for children

just entering the first grade.

Scores: Points.

Norms: Age and grade.
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Figure 12. A SPECIMEN PACE FROM THE ARMY BETA GROUP EXAMINATION
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Time: Thirty minutes, approximately.

Reliability: .79 (by retestj in group of 100 children in Grades 1A to 2A.

5. International Group Mental Test Form B, prepared by Stuart C.

Dodd and C. C. Brigham under auspices of Committee on Scientific

Problems of Human Migration, of tbe National Research Council (10)

Date: 1926.

Publisher: Princeton University Press, Princeton, N. J. (sold only for

research purposes) .

Designed for: A, wide range of talent from kindergarten to adult, feeble-

minded to superior.

Contents: Book I: Four non-verbal tests: (1) Cube analysis; (2) pic-

ture association; (3) pictorial similarities; (4) similarities in facial

expression. Book II: Four non-verbal tests: (5) Maze tracing; (6)

pictorial sequence or rhythms; (7) pictorial analogies; (8) picture

narratives.

Scores: Points.

Norms: Means and S.D.'s for various groups: feeble-minded, elementary
school children, college groups.
Time: Three to four hours for Books I and II and Practice Booklet.

About one to one and one-half hours for Book I, or for Book II, when
taken separately.

Reliability: r ===== .97 (split-half) for 112 sixth-grade orphans; r = .78

(retest) in same group.

6. Otis Group Intelligence Scale, Primary Examination, Forms A and B,

by Arthur S. Otis

Date: 1918 (revised editions later).

Publisher: World Book Company, Yonkers, New York.

Designed for: Grades 1 to 4, and kindergarten.
Contents: Eight non-language tests: (1) Following directions; (2) pic-

ture association; (3) picture completion; (4) maze tracing; (5) pic-
ture sequence; (6) similarities (pictures) ; (7) synonym-antonym
(simple words) ; (8) common-sense judgment.
Scores: Points, percentiles, M.A. and LQ.
Norms: Age and grade.
Time: Twenty-five to thirty minutes.

Reliability: Not given in Manual.

7* Pintner-Cunningham Primary Mental Test, by R. Pintner and B.

Cunningham. (See Figure 13.)

Date: 1923.

Publisher: World Book Company, Yonkers, New York.

Designed for: Kindergarten and Grades 1 and 2.

Contents: Seven non-verbal tests: (1) Common observation; (2) aes-

thetic judgment; (3) association of objects; (4) discrimination of size;

(5) picture parts; (6) picture completion; (7) dot drawings.
Scores: M.A. and I.Q., percentiles.



PERFORMANCE AND NON-LANGUAGE TESTS 95

Norms: Age and grade.
Time: Thirty to forty minutes.

Reliability: About .90 (by retest) for single grade groups (twenty to

twenty-five children)

i

Score..

Figure 13. PINTNER-CUNNINCHAM PRIMARY MENTAL TEST

(Specimen Page)

8. Pintner Non-Language Mental Test, By R. Pintner

Date: 1919.

Publisher: College Book Store, Columbus, Ohio.

Designed for: Grades 4 to 8.

Contents: Six non-verbal tests: (1) Imitation of movement, an adapta-

tion of the Knox Cube Test for group purposes; (2) digit-symbol easy

learning; (3) digit-symbol hard learning; (4) picture completion;

(5) reproducing reversed figures; (6) picture reconstruction of picture

sequence.

Scores: M.A., I.Q. and Mental Index in terms of S.D.

Norms: Age.
Time: Thirty to forty minutes.

Reliability: .79 (retest), 201 children, Grades 4 to 6, inclusive.

9. Rhode Island Intelligence Test, by Grace E. Bird and C. E. Craig

Date: 1923.

Publisher: Public School Publishing Company, Bloomington, 111.

Designed for: Kindergarten, ages three to six.

Contents: Six non-verbal tests: (1) Marking common objects; (2) omis-
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sions; (3) family relations; (4) common activities; (5) social group-

ings; (6) contrast, similarity and number.

Scores: Points.

Norms: Age.
Time: Fifteen minutes, approximately.

Reliability: .92 for 330 children three to six years old.

VERBAL AND NON-VERBAL GROUP TESTS

The non-verbal or non-language group test was devised primarily

with the idea of providing a substitute or equivalent for the verbal

test where the latter is inadequate. In deciding whether a child is

mature enough mentally to enter the first grade; in selecting and

classifying children in the early grades before facility in written

language has been acquired; and in vocational problems where il-

literates or near-illiterates are to be dealt with, the non-language
test fills a real need. Army Beta furnishes a good illustration of the

value of the non-verbal test. Alpha, as we know (p. 32), was given

to English-speaking enlisted men who could also read and write the

language; Beta, on the other hand, was given to foreign-born men
who knew little or no English, and to those who used written language
so poorly as to be virtually illiterate. The two tests were planned to

be at least roughly equivalent, the tasks expressed in language and

numbers in Alpha being matched as nearly as possible by tasks ex-

pressed in diagrams, charts and pictures in Beta. Test 1, Maze Draw-

ing, in Beta is much like Following Directions in Alpha in that both

require the comprehension and carrying through of a series of in-

creasingly difficult tasks. Tests 2 and 3 in Beta, Cube Analysis and

X-0 Series, probably involve much the same logical and mathemati-

cal relation-finding required by Tests 2 (Arithmetic problems) and 6

(Number series completion) in Alpha. Digit-symbol learning, Test 4
in Beta, is not closely analogous to any Alpha test, but Number

Checking is matched against Alpha's Synonym-antonym. The Picture

Completion Test in Beta represents an attempt to put into concrete

form the task involved in the well-known sentence completion test.

Picture completion is widely employed in non-language tests as an

approximation to such verbal tests as Disarranged Sentences, Analo-

gies and Information. Beta Test No. 7, Geometric Construction, is

clearly an attempt to put the form board test on to paper. It does not

correspond directly to any test in Alpha.
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There are other non-verbal tests which are clearly efforts to

parallel language tests. Tests of picture sequence, picture compari-
son, similarities (in pictures), for instance, are intended to gauge
the same mental behavior as the analogies, disarranged sentences,
and same-opposite tests. Marking out common objects in a picture,
and judgments of size and shape, represent information tests at a

low level. Cube analysis, estimating distances, and drawing designs
are attempts to measure the ability to use the same sort of quantita-
tive relations as are employed in arithmetic problems, completing
number series, and the like.

The correlation of verbal and non-verbal tests in groups of soldiers

proved to be surprisingly high. Total scores in Alpha and Beta gave
a correlation of .81 in a group of 653 English-speaking, white, en-

listed men (40). The r between Beta and Stanford-Binet M.A. in the

same group was .73. One reason for these high r's lies, no doubt, in

the fact that the men who took Beta were so distinctly low-grade that

only the simple parts of Alpha and the Stanford-Binet were at-

tempted. We find, for instance, that 47 per cent, of these men were in

the D and E groups on Alpha, and 24 per cent, tested at an M.A. of

ten years or below on Stanford-Binet. The distribution of scores on

Beta, however, was quite symmetrical. Beta is much easier than

Alpha; and in a group of good ability, scores on Beta are all high

with a consequent narrowing of the range and poor differentiation.

The intercorrelations of the separate tests in Alpha and Beta are

lower than the r's between the two tests, but are still fairly high in

spite of the shortness of the tests and their consequent low reliability.

In a group of 800 enlisted men (37) the average intercorrelation of

the eight Alpha sub-tests was .59, with a range from .44 to .75; and

in the same group the average intercorrelation of the seven tests in

Beta was .44, with a range from .13 to .67. The average intercorrela-

tion of the tests in Alpha and Beta was .41, with a range from .16

to .61. These results show that the separate tests in Beta correlate with

the separate tests in Alpha almost as well as they correlate with each

other. The two examinations, therefore, have much in common, al-

though they are clearly not identical. Alpha is the more compact

and homogeneous of the two tests, the separate Beta tests exhibiting

in their intercorrelations more specificity than is shown by the sepa-

rate Alpha tests. For men of poor ability or of meager educational
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attainments it is probable that the two examinations will measure

much the same aptitudes.

Correlations almost as high as those between Alpha and Beta or

Beta and Stanford-Binet are found between verbal and non-verbal

tests in groups of young children. Sangren (33) reports a cor-

relation of .68 between Stanford-Binet and the Pintner-Cunningham

Primary Mental Test in a group of 100 first-graders, and a correla-

tion of .75 between the Pintner-Cunningham and the average of seven

verbal group tests for the same subjects. Haggerty (18) obtained an

r of .67 in Grades 1 to 3 between his non-verbal group test, Delta 1,

and a "verbal" criterion composed of grade location and teachers'

ratings for intelligence. The sizes of the groups are not stated. In a

group of 144 eight-year-olds, Haggerty reports further a correlation

of .64 between Delta 1 and the Haggerty Reading Examination,

Sigma 1. Since the age ranges were relatively narrow in these studies,

it is probable that the r's are not greatly affected by age variability.

Rand has reported a correlation of .84 between I.Q.'s on the Dear-

born Group Test of Intelligence, Series 1, and Stanford-Binet I.Q.

in a group of 211 first-grade children (31). This r is probably in-

creased somewhat because the correlation is between ratios (I.Q.'s),

but the effect is almost certainly not great because of the narrow

age range.

Among older children and those who are scholastically more ad-

vanced, we should expect the r's between non-verbal and verbal tests

to be lower than those reported above, because of the failure of most

non-verbal tests to discriminate in the upper ability levels. In a group
of 108 pupils entering junior high school, Brooks (3) obtained a

correlation of .46 between the Pintner Non-language Mental Test and

a composite "criterion" of general intelligence, consisting of

Stanford-Binet and a battery of nine group tests, such as the Otis,

the Tennan, etc., and including the Pintner Non-language Test. The
correlation of the Pintner Non-language and the Stanford-Binet was

.35. Brown (4) has reported the following correlations between

the Haggerty Intelligence Examination and the Pintner Non-language
Test in groups of boys ten to thirteen years old: age ten, r= .55,

N= 112 ; age eleven, r= .43, N= 91 ; age twelve, r =====
.54, N=

120; age thirteen r= .59, N == 125, average r= .53.

The Princeton International Group Mental Test represents by far

the most ambitious attempt to construct a non-verbal test which
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will cover a wide range of ability (p. 94). Dodd (9) reports a

correlation of .74 between the International and the Stanford

Achievement E.A. in a group of 283 orphans in Grades 2 to 6. Since

the correlation of the International with C.A. was .71 in the same

group, and the correlation of Stanford Achievement E.A. with C.A.

almost certainly as high or higher, this correlation is most likely not

more than .50 in single age groups. In the Chicago study of the

influence of environment on intelligence (13) a correlation of .70

was obtained between Stanford-Binet M.A. and the International,

with age variability held constant, in a group of 297 children. Dodd

reports the correlation of the International Group Mental Test with

school grades to be .72 for 103 twelve-year-olds; and to be .86, with

the Thorndike or the Princeton Intelligence Tests, for forty-nine

Princeton juniors.

In those groups wherein non-verbal tests ordinarily find their great-

est use, namely, young children and low-grade or illiterate adults,

their correlations with verbal tests are high enough to make them

reasonably good measures of "abstract" ability. The correlations of

verbal and non-verbal tests in such groups is fully as high as the

correlations 6f standard verbal group tests inter se (p. 44). In groups
of better native ability and among those more advanced schola&ti-

cally, non-verbal tests are, at present, not useful substitutes for verbal

examinations. The International Group Mental Test makes it seem

probable, however, that non-language group tests can be constructed

which will be closely equivalent to the best verbal batteries over a

wide range. Such tests should have more value as research instru-

ments, to be used in the comparison of groups having different lan-

guages or cultures, than in the prediction of prospective school

achievement. For this latter purpose there would seem to be little

reason for substituting non-language for language tests.
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CHAPTER III

THE MEASUREMENT OF PERSONALITY AND
TEMPERAMENT

THE measurement of traits of personality and of temperament has

lagged far behind the measurement of general intelligence and school

achievement. There are several reasons for this. In the first place,

the terms used to describe non-intellectual traits are broad and often

exceedingly general in scope, so that it is hard to secure agreement
as to what they mean. Behavior activities included under the head

of personality and temperament range all the way from the complex
moral or character traits of honesty and loyalty, to the pleasant
social habits of courtesy and tactfulness. Secondly, it is difficult to

arrive at a satisfactory measure or estimate of a personality trait

once it has been defined. It is entirely feasible to set up sample tasks

in which the size of an individual's vocabulary or his ability to ar-

rive at a correct conclusion based upon certain premises is deter-

mined; or to devise miniature situations in which the speed and

accuracy of his responses are measured. But it is extremely difficult

to set up an experimental situation in which a person's leadership, or

his cooperation, or his honesty can be accurately evaluated.

Perhaps we may most conveniently think of an individual's per-

sonality as comprising essentially the sum total of those behavior

activities exhibited in social situations. Allport (1) has made the

most systematic attempt to analyze personality from this point of

view. Under personality he includes intelligence, or adaptive be-

havior; motility, by which is meant the general tempo and speed of

one's responses; temperament, which includes emotional breadth

and strength, characteristic moods and attitudes; self-expression, con-

cerned largely with social and personal adjustments; and sociality ,

including social participation and the social aspects of character.

The present chapter is concerned especially with the measurement of

the last three of these activities, intelligence and motor reactions
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having been treated in previous chapters. It may be argued with

much cogency that all mental and physical tests are measures of

personality, since results from mental tests depend upon character

and temperament as well as upon intelligence and motor skill. This

is undeniably true, but it must be remembered that mental tests are

administered so as to minimize emotional effects; and that in these

tests it is exceedingly difficult to disentangle the emotional from the

intellectual components. For these reasons special methods have been

devised for measuring personal and social traits, of which there are

three in common use. These are (1) The Rating Scale; (2) the

Questionnaire; (3) the Objective Test. These techniques will be

described in the sections following.

THE RATING SCALE

The rating scale offers a means of securing quantitative estimates

of the degree to which an individual possesses certain abilities or

traits. Mary Jones may be rated by her supervisor for ability as a

Latin teacher on a seven-point scale, in which 1 indicates "poorest,"
and 7 "best"; or she may be ranked in order of merit among the

Latin teachers of her school. Such ratings as these represent the

subjective impressions of the judge, and are not objective measures

of performance. Their value will depend upon the number of judges,

their accuracy in making estimates, and the degree to which the given

trait lends itself to observation and evaluation.

Historically, the rating scale goes back to Francis Galton (21),

who in 1883 published a scale for rating the clearness of one's mental

imagery. Gallon's scale consisted of nine steps or categories, and

was used by him to rate his subjects* imagery of their breakfast

table. Karl Pearson's (44) scale for rating mental ability was an-

other pioneer feat. This device contained seven steps, intended to

run the gamut of intellectual ability. Levels of ability were desig-

nated by numbers as follows: (1) Mentally Defective; (2) Slow-

Dull; (3) Slow; (4) Slow-Intelligent; (5) Fair Intelligence; (6) Ca-

pable; (7) Specially Able. This scale was employed in Pearson's

studies of the relation of physical and mental traits, and in investiga-

tions upon the inheritance of mental abilities.

The rating scale as a method is related fundamentally to two

experimental methods, i.e., order of merit and paired comparisons.

In the order of merit method, individuals are put in consecutive
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arrangement with reference to some trait, the one possessing the trait

in highest degree being ranked first, the one possessing it least being

ranked last. In the method of paired comparisons, each individual

is compared separately twice over with the other members of his

group, once as a standard, and once as a comparison stimulus. The

number of preferences for each person determines his position in

the final order of merit for the series. These two methods have been

shown (3) to be equally good for most purposes. The paired com-

parisons method has the advantage of permitting the time of the

separate judgments to be controlled ; but it has the disadvantage of

being more tedious and requiring more time than a simple order of

merit.

The arrangement of individuals in order of merit becomes ex-

ceedingly difficult when their number is large. The very able and the

very poor persons are readily identified, but the intermediate posi-

tions are often hard to fill. In such cases grouping into larger units

is often helpful. Thus, a judge may first classify the objects or

persons to be rated into three groups, "Good," "Average" and

"Poor," and later rank those within each category separately. If a

larger number of groups, say, eight or ten, is used, the group itself

may be taken as the unit instead of the individual.

Rating scales may be classified conveniently under four heads:

The Man-to-Man Rating Scale; the Graphic Rating Scale; the Nu-

merical Rating Scale and the Descriptive or Adjective Rating Scale.

These may be considered in order.

1. The Man-to-Man Rating Scale

The man-to-man rating scale was developed by Walter Dill Scott

and his associates, and was widely used during the World War under

the name Army Rating Scale (45). Officers below the rank of

brigadier-general were rated by their immediate superiors for five

traits or characteristics: Physical qualities, intelligence, leadership,

personal qualities and general value to the service. The degree to

which an officer possessed each of these characteristics was indicated

upon a scale containing five steps, each step having a numerical

value. We may illustrate with the trait Personal Qualities.

IV. Personal Qualities

"Industry, dependability, loyalty, readiness to shoulder responsi-

bility for his own acts, freedom from conceit and selfishness, readi-

ness and ability to cooperate."
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Highest 15

High 12

Middle 9

Low 6

Lowest 3

On the first blank space opposite "highest," the officer making the

rating wrote in the name of an officer, well known to him, whom he

considered to possess personal qualities (as defined) in the highest

degree. In the last space, opposite "lowest," he wrote down the name
of an officer whom he considered to possess personal qualities to a

minimal extent. The names of five men possessing personal qualities

in the highest, high, middle, low and lowest degrees were then writ-

ten in to fill up the spaces. These five scale men constituted the rating
scale for personal qualities, other officers being judged with refer-

ence to them. The units of the man-to-man scale were persons known
to the rater, and evaluation was made by direct comparison of man
and man.

Scale men for the other four traits in the Army Rating Scale were

located as described above. After a man had been rated on all five

qualities, his ratings were transformed into numerical values and

totaled to give a final score. Numerical ratings on each trait ranged
from fifteen to three, except general value to the service, in which

ratings ranged from forty to eight. Hence, the scale had a range of

eighty points, the maximum total being 100 and the minimum twenty.

The man-to-man rating scale has the advantage of concreteness.

The probable behavior of an individual, as shown by his possession

of certain personal characteristics, is evaluated in terms of another

known individual, rather than in absolute terms. But the disadvan-

tages of this type of scale outweigh its advantages. Scott and

Clothier (52) contend that the scale proves to be cumbersome and

impracticable in business, that the construction of the master scale

requires more time and thought than an executive is ready to give,

and that it is very difficult to find key men who are satisfactory as

scale units. Another objection is that each judge's scale represents

his own point of view, and his only. The superior man on one scale

or in one trait may be average or low on another scale, or in another

trait. If the same individuals could be used as scale men throughout

by all of the judges, the scales would then be equivalent. But such

agreement is rarely attained and there are usually as many scales as
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there are judges. This violates the primary principle of a scale,

namely, that it be a constant measuring rod for all those to whom
it is applied. When different rating scales are used with the same

man, it is as though two examiners measure his height, the one with

a yard stick and the other with a meter stick, and compare results

directly.

2. The Graphic Rating Scale

The graphic rating scale is more flexible than the man-to-man

scale and is today probably the most widely used rating technique.

In this scheme, traits are usually defined by brief, fairly concrete

descriptions. These indicate to the rater what he should consider

the term to mean. The scale proper consists of a straight line about

four to five inches long, which is taken to represent the range of

ability. Beneath the line are written descriptive phrases, intended to

define the various points on the scale. We- may illustrate with two

items from a Graphic Rating Scale for Clerical Workers (5).

III. Accuracy Consider quality of work, freedom from error

No Very Few Care- Many
errors careful errors less errors

IV. Cooperativeness Consider ability to work with others

Cooperative Falls in line Difficult to Obstructive
handle

The rater places a mark (a check or a cross) somewhere along
the line to indicate the degree to which in his judgment the per-

son rated possesses the trait in question. The directions make it clear

that the cross may be placed anywhere along the line, not necessarily

at one of the division points. Note that the units on the graphic scale

are represented by the divisions on the scale line, and are presuma-

bly the same for all judges. Instead of key men who possess certain

characteristics, we have specific instances describing varying degrees
of the trait.

The graphic rating scale may be scored by assigning numerical

values to the different divisions on the rating line. An individual's

score then depends upon the distance of the check from the "low"

end of the line. If there are five divisions, the lowest may be given
the value of one, the 'highest the value of five, with intermediate

values between. The total of credits received on all traits gives the
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ratee's final standing in the larger ability of which the separate
traits are considered to be a part. The sum of an individual's ratings
on the Graphic Rating Scale for Clerical Workers, for example, part
of which is shown on p. 108, is intended to represent his value as a
clerical worker. Scoring on the Graphic Scale may be facilitated by
using a cardboard stencil upon the edge of which divisions are
marked off to fit the divisions on the scale line; or by using trans-

parent paper which fits over the whole scale, the lines on it being
coincident with the division lines of the scale. Max Freyd (18) has
listed the following advantages of the graphic scale method.

"It is simple and easily grasped.
"It is interesting and requires little motivation of the rater.

"It is quickly filled out.

"It frees the rater from direct quantitative terms.

"It enables the rater, nevertheless, to make his discrimination as fine as

he cares, although this discrimination is lost if a scoring stencil of only
a few points is used.

"It is universal; that is, no master scale is required, as in the Army
Rating Scale.

"The fineness of the scoring method may be altered at -will, yielding
scores of from 1 to 5 or from 1 to 100.

"It allows of comparable ratings without requiring each rater to know
all the members of the group."

The American Council on Education Rating Scale (7), shown in

Figure 14, is an illustration of a graphic scale.

3. The Numerical or Percentage Rating Scale

On a numerical scale, each person is rated on the basis of 100

per cent. ; individuals possessing large amounts of a trait are rated

90 per cent., 80 per cent., etc., those possessing small amounts 20

per cent., 10 per cent., etc. The chief difficulty with this scale is that

it implies much finer differentiation than it yields. The fact that the

rating is a number or a per cent, suggests greater definiteness than

the scale affords. Moreover, raters seldom agree upon how much 50

per cent, or 20 per cent, of an ability is, so that they employ differ-

ent units as well as different scales. Because of these drawbacks, the

numerical scale has been largely superseded by other rating scales.

4. Descriptive or Adjective Scale

The method here is to use common descriptive terms, or broad

categories, such as "excellent," "good," "average," "poor," in

rating an individual. Thus a teacher's appearance may be rated by
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checking "very poor/' "poor," "medium," "good/
5

or "excellent";

and a salesman's ability described as "breezy," "cordial," "meets one

half way," "reserved," "formal." One variation of the descriptive

scale is that in which three categories, "low," "average" and "high"

are employed, or two categories "Yes-No." Still another is the use

of a series of contrasted adjectives "Industrious-Lazy," "Accurate-

Inaccurate." In these scales the judge describes an individual by

checking the more appropriate of two adjectives or by assigning him

to a given category.

The use of broad categories is often desirable in rating scales,

especially when it is easier to assign an individual to a group or

class than to describe him more precisely. If the descriptive phrases

used are definite and applicable, such adjective scales may be ex-

tremely useful. Like the numerical scale, however, the descriptive

scale suffers from the vagueness of its units; nor is it so flexible as the

graphic scale. Two judges may both regard a man as excellent, and

mean very different things. Again, if a salesman is "reserved" half

of the time and "formal" half of the time, this may be indicated on

the graphic scale, but on the descriptive scale this person must be

assigned forthwith to one category.

The Yes-No descriptive scale and the contrasted adjective forms

are open to definite objection. Few persons possess very little or

very large amounts of a given ability, since abilities are rarely "all

or none." i.e., present or absent. For this reason judges usually find

it hard to place a person who does not fall into an extreme grouping,
but who occupies an intermediate position.

THE EVALUATION AND USE OF RATING METHODS

1. Construction of a Rating Scale

In preparing a rating scale there are several general principles
which may be laid down. First, the selection of traits to be rated is

important. As nearly as possible, qualities should be selected which

(a) are really valuable; (b) can be exactly defined; (c) are capable
of objective evaluation and measurement. The relative value of

different traits should be determined by a preliminary analysis of

the activities to be covered by the rating scale, and from one's knowl-

edge of what the scale is intended to do. For example, a cultivated

voice, tact and sympathy are usually more important to the teacher

than to the machinist or manual worker; while leadership, organizing
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ability and technical knowledge are more valuable to the executive

than to the subordinate.

It is necessary to define traits or qualities on the scale so that

raters will not interpret such terms by different standards. If not

precisely defined, for instance, one foreman, in rating a worker, may
think of "cooperation" as implying a willingness to obey instruc-

tions; another foreman as the ability of the man to tie up his work

with that of other workers; and still a third as general helpfulness
to others. Obviously, the same man rated by these three foremen

will show considerable variation in his ratings for "cooperation,"

simply because of the different meanings attached to the same word.

Such general terms as "intelligence," "business knowledge," etc.,

mean many things to many people, and should be avoided, unless the

precise use of the term is indicated by a qualifying description.

Some qualities are more accurately judged and more easily meas-

ured than others because they are more open to direct observation.

Thus, on a rating scale for manual workers, the descriptive phrase
"learns with ease" is more precise than "good" or "satisfactory," or,

under the head of "speech" on a rating scale for teachers, the phrase
"harsh quality, enunciation indistinct, speech defects" is more il-

luminating than "poor voice."

Personal characteristics or character traits should be defined,

whenever possible, in terms of what the individual rated actually

docs in a given situation, what effect he has on people, etc. In con-

structing ihe American Council Rating Scale, for instance, Brad-

rhaw (7) sought to objectify the ratings made by requiring that each

judge record specific instances ("behaviorgrams") in support of his

judgment. Paterson (43) illustrates an objective versus a subjective

definition of a trait as follows:

APPEARANCE

Subjective: Personal attractiveness, cleanliness, neatness, dress.

Objective: Consider how favorably he impresses his men by his phy-

sique, bearing and manner.

Precise definitions of the degree of a trait are important. Thus,

"slovenly" is a better term than "very careless in dress," "fastidi-

ous" than "very neat," because such terms aptly express certain

degrees of the characteristic rated. "Ordinary" or "satisfactory" are

bad choices for the middle position of a trait scale, when these terms
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imply other and more general qualities than those under considera-

tion. In general, moral or social qualities., or personal habits not

ordinarily subject to observation, should not be included on a scale.

It is, for example, well nigh impossible for a college president or

dean to rate accurately a student's social position, moral habits, or

strength of character. Such information is often asked for, however,

by teachers' agencies, and, unfortunately perhaps, is often supplied.
In addition to the general principles outlined above, several spe-

cific points may be noted which apply in constructing a rating scale,

or in evaluating one already constructed. These are as follows :

(a) The Number of Divisions on the Rating Scale: In a study of

fifty-four teacher rating scales, Boyce (6) found that the number of

divisions on these scales varied from two to seven, the mean being
four. Symonds (59) has shown that with certain reasonable assump-
tions as to reliability, the optimum number of rating scale divisions

is seven. Many scales, however, contain five divisions, probably be-

cause five points correspond to the ordinary marking system, A, B,

C, D, E; or to the divisions high, above average, average, below

average and poor.

(b) The Number of Individuals within Each Scale Division: Un-
less the group to be rated is quite small, or is known to be excep-
tional in one or more respects, it is a reasonable assumption that the

measurements made upon the members of the group will be dis-

tributed in accordance with the normal probability curve. The as-

sumption of normality in trait measurement has many practical

advantages. Suppose, for instance, that a class of fifty children is to

be rated for "interest in class work" on a five-point scale. Assuming
a normal distribution of interest, we should place about 7 per cent*

of our group within the first division of the scale; 24 per cent, within
the second division; 38 per cent, within the third division (average) ;

24 per cent, within the fourth division, and 7 per cent, within the
fifth and last division. A table giving the percentages of a group
which should fall within each scale division, on the assumption of

normality, in scales having different numbers of divisions, has been

given by Symonds (60).

(c) The Spread of Ratings on a Given Trait: If the members of
a fairly large group, say forty or fifty, have been rated on a seven-

point rating scale, one should ordinarily expect all of the divisions

to be used. When only one or two points on the scale are used by a
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judge, the average and one other, for example, so little differentia-

tion is secured that the ratings are well nigh worthless. Furthermore,
the correlations of such ratings with other measures are of little

value. It is clear that no real information is obtained when each of

twenty-five teachers is rated "average" or "good" in discipline.

Hartshorne and May (26), when using teachers' ratings of their

pupils for honesty, threw out all ratings in which only two divisions

of a scale (in one case a five-point, in the other a ten-point scale)

were used.

(d) Differences in Standards of Judgment: Differences in stand-

ards of judgment present an especially difficult problem in rating.

One judge, for instance, will use the term "excellent" where another

uses "good" ; a second judge will be unwilling to rate any one at the

low end of the scale; still another will employ only the low values,

the average being his highest rating. Many authors have noted the

general tendency among judges to rate too high (partly "halo ef-

fect"), the distribution of ratings being often badly skewed.

Wide variations in ratings arise not only from different standards

of judgment, but from conceit, overcaution, prejudice, different de-

grees of acquaintanceship and failure to understand the meaning of

the descriptive terms on the scale. Ambiguities and misunderstand-

ings may be cleared up by careful instructions to the judges. But

many difficulties are almost impossible to surmount, and for this

reason various methods have been suggested for reducing ratings to

a comparable basis. Paterson (43) has suggested the following

scheme based upon the assumption that the true distribution of rat-

ings within the group is normal. First, frequency distributions of all

of the ratings made by each judge on a single trait are drawn up.

Each distribution is then subdivided into five groups: the highest

10 per cent, is designated A; the next 20 per cent B; the middle

40 per cent. C; the next 20 per cent. D; and the lowest 10 per cent. E.

A given judge's ratings are translated over into these new letter

units. A rating of A is now always comparable from one rater to

another, as in all cases it represents placement in the highest 10

per cent, of the judge's ratings. If Judge X rates every one high, and

Judge Z rates every one low, a rating on a seven-point scale of six

by X and of three by Z may in both instances receive the same

rating. In like manner, ratings of B, C, D and E are comparable;
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they occupy the same relative positions in the scales of all judges,

thus leveling out differences in judgment standards.

2. The Reliability of the Rating Scale

The reliability of a rating scale may be considered from two

points of view. According to the first, reliability is measured by the

consistency of a given judge's ratings, that is, by the correlation

between two sets of ratings made by the same person, but separated

by an interval of time sufficiently long to preclude a direct memory
effect. According to the second view, the reliability of a judge's rat-

ings is best shown by their correlation with the ratings made by
another equally competent judge. Of these alternatives, the second

is to be preferred. To be sure, high correlation between two sets of

ratings made by the same person tells us that this individual's opin-
ions are stable, and hence worthy of consideration. But close agree-
ment shown by a high correlation between the ratings of two or more

competent judges indicates, in addition, a constancy of the traits

themselves, rather than a constancy of judgment in a single rater

alone. This, of course, is the kind of reliability which one wishes to

obtain in ratings.

In general, the reliabilities of rating scales are lower than those

of standard intelligence tests. Rugg (51) who has made the most

thorough study of the Army man-to-man rating scale reports results

with this method which are far from favorable. Working under care-

fully controlled conditions, and with officers making the judgments
who were fully instructed as to the use of the scale, and well ac-

quainted with the ratees, Rugg found that the P.E. of an average
rating was five to six points on the eighty-point scale. This result

made it exceedingly doubtful whether a single rating would place an
individual even within the fifth of the scale wherein he was placed by
the average rating or consensus. Rugg is convinced, however, that
character traits may be successfully rated (1) if each final rating
is the average of three independent ratings, each made on an ob-

jectified scale; (2) if the rating scales are comparable and equiva-
lent, and the raters understand and agree upon the meaning of each

quality or trait; (3) if the raters are thoroughly acquainted with
the person to be rated. Rugg's careful work with the Army rating
scale did much to discredit the method of man-to-man rating, and to
stimulate work upon other methods.
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Studies with the graphic rating scale have, on the whole, been

more favorable. Kornhauser (36), using a graphic scale of five inter-

vals, obtained reliability coefficients, when three independent ratings

were taken against three other independent ratings, averaging .44.

These ratings were made by seven to ten instructors upon 105 stu-

dents, the traits studied being intelligence, industry, accuracy, co-

operativeness, moral trustworthiness and leadership ability. The most

reliably rated trait was industry, the average correlation of three

judges against three being .58. Hartshorne and May (26) report a

constancy of rating on the graphic scale, represented by an average r

of .69, when ratings were made on two occasions by the same teacher.

The subjects were 322 pupils in the elementary grades, and the rat-

ings were made by eighteen teachers for "general honesty." The high

average reliability of these honesty ratings arises in part from the

fact that all scales were discarded upon which not more than two

divisions were employed. An average r of .57 was obtained between

the honesty ratings by the classroom teacher and the average ratings

of two other teachers, the range being from .37 to .82.

On the Scott Graphic Rating Scale for Workers, Paterson (42)

reports an average correlation of .87 between ratings from the sec-

ond to the third month on the same workers, made by nine foremen.

The intercorrelations of the ratings on the same men by seven pairs

of foremen averaged .71, for ratings made during the same month.

Bradshaw (7) has studied the reliability of the American Coun-

cil Rating Scale under various conditions. This is a graphic scale

consisting of five characteristics, each to be rated on a straight

line (p. 106} . Correlating the average rating of several judges against

a like average of several other judges was found to improve con-

siderably the reliability of the rating. For example, the reliability

of the ratings made by three judges on 107 freshmen, i.e., the r of

three ratings against three equally good ratings as predicted by the

Spearman-Brown formula, varied from .35 for "appearance" to .73

for "industry." When Bradshaw matched the ratings of ten fra-

ternity men against ten, and twelve against twelve, all ratings being

made on each other, the reliability coefficients for all five traits were

.90 or above (except for Emotionality, where the r was .68 in ten

against ten). Shen (53) has computed reliability coefficients for rat-

ings on eight traits made by thirteen judges, the number of subjects

being 28. The averages of these r's range from .34 for "impulsive-
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ness" to .71 for "scholarship," the average for all eight being .55.

Symonds (60), who has summarized most of the relevant data on

rating methods, gives .55 as the typical reliability coefficient for

ratings on personality traits. This presumably represents the agree-

ment between two comparable judges.

The reliability of the rating scale, while below that of the standard

intelligence test, is still high enough to augur well for the method.

Especially is this true when the ratings of several judges are com-

bined. Rating methods will continue to be used by psychologists

until objective tests of personality are devised; and, of course, they

must be used indefinitely, if such tests are shown to be impracticable.

3. The Validity of Rating Scale Estimates

The validity of a set of ratings, like their reliability, may be con-

sidered from two points of view. If there is a high intercorrelation

among the ratings made by different judges, the averages of such

ratings may be taken as valid measures, on the ground thai the scale

has focused attention upon definite and uniformly recognized char-

acteristics. The average of a large number of independent ratings

may also be taken as a criterion, and the validity of a single judge's

ratings determined by their correlation with this criterion. Validity

may also be defined by the correlation of a set of ratings with objec-

tive criteria, such as test results or other measures. This last, of

course, is the commonly accepted idea of validity, as it involves the

verification of one set of estimates against outside standards. There

is much to be said, however, for the view that validity is best ex-

pressed by a high correlation among judges, although such relation

is often taken to be a measure of reliability rather than of validity

(p. 114) . A rating scale, however, is a valid and objective measure

only to the extent that it is a reliable measure. There is considerable

force to the contention that for practical purposes a man possesses

intellect, tact or judgment in business matters, if his acquaintances

agree that he does. Certainly there is no higher court of appeal. In

judging personality traits, therefore, reliability would seem to

imply validity.

When all of the factors which reduce the accuracy of ratings are

considered, validity correlations between ratings and objective cri-

teria, or among the ratings themselves, are fairly satisfactory, A
few typical results will be presented. The correlation between tests
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of "self-control" and ratings for the same trait made by their teach-

ers upon 900 public school children has been reported by Harts-

horne, May and Mailer (27) to be .52. The same authors show that

il is possible to increase considerably the correlations between rat-

ings and other measures., when a large number of ratings are com-

bined. Bradshaw (7) obtained an average r of .66 between com-

posite ratings on the American Council Rating Scale, for twenty-two

fraternity men, and a leadership score obtained by rating the vari-

ous activities in which these men were engaged. The correlation

between composite personality ratings made by three raters and

grades secured in the first semester was .30. The individual correla-

tions ranged from .50 for grades and industry, to .03 for grades

and leadership. The subjects were 107 college freshmen. The cor-

relation of .30 between personality ratings and grades is not a great

deal lower than the correlation between intelligence tests and school

grades, and indicates the importance of non-intellectual traits in

academic achievement. A detailed summary of experimental work

upon the validity of rating scales will be found in Symonds (60).

4. Factors Affecting the Accuracy of Ratings
In this section we shall summarize briefly the more important fac-

tors which affect the reliability as well as the validity of ratings,

(a) Close associates will probably rate more reliably than casual

acquaintances, but there is little correlation between degree
of acquaintance and competence as a rater.

(])) Raters lend lo rate their friends too high on desirable traits

and too low on undesirable.

(c) Individuals differ markedly in their ability to make judg-

ments. Ratings of which the judge expresses himself as very

sure are in general more reliable than ordinary ratings.

(d) Characteristics or traits exhibited in one's reactions to as-

signed tasks, or to outside situations are better rated than

social or personal traits which are difficult to observe. Schol-

arship, industry, leadership, for example, are better rated

than impulsiveness, adaptability, or common sense. Ratings

arc often more reliable when a general characteristic is

broken up into several constituent parts.

(e) There is a decided tendency for a rater to over-rate himself
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on desirable and under-rate himself on undesirable traits as

judged by the consensus.

(f) "Halo effect." The general tendency to rate an individual

who has been placed high or low on a general trait, e.g.,

intelligence, consistently high or low on a number of more

specific traits, is called the "halo effect." It represents a

general carry-over, a "tendency to think of a person in

general as rather good or rather inferior, and to color the

judgments of the qualities by this general feeling" (63).

Thorndike notes further (63) that "general merit as a

teacher has correlations of .68 with intellect, .79 with power
in discipline and .63 with voice. It is clear that the rating

of a teacher's voice must have been influenced by the gen-

eral impression of her ability. Voice correlates .50 with

'interest in community affairs' and .63 with intellect!" The

sample in this study quoted by Thorndike consisted of 129

teachers.

The remedy for the halo effect is to have all the members
of the group rated for one trait at a time, instead of having
each person rated on all traits at once. The halo effect is

lessened when the rater is cautioned against it, and when
the traits to be rated are objectively and precisely defined.

REPRESENTATIVE RATING SCALES

1. Behavior Rating Schedules, by M. E. Haggerty, W. C. Olson, and
E. K. Wickman

Date: 1930.

Publisher: World Book Company, Yonkers, New York.

Designed for: Pre-school and elementary school children.

Contents: The behavior rating schedule consists of two parts, A and B.

Schedule A presents a list of behavior problems, the occurrence or non-

occurrence of which is to be checked by the rater. Schedule B is a

graphic rating scale which contains thirty-five intellectual, physical,
social and emotional traits: Samples:

Schedule A:

Cheating 0467
Schedule B:

15. Is he quiet or talkative?

Scoring: In Schedule A the degree to which a child possesses a given
trait determines his score. Total score is the sum of the individual rat-

ings. In Schedule B, graphic ratings are translated into numerical values

and totaled to give the final rating.
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Norms: Schedule A norms are based upon 2,163 children; Schedule B
norms upon 2,867. Norms for an abbreviated form of Schedule B, used

with pre-school children, are based upon ninety cases.

Reliability: .66 for pre-school children; .86 for elementary school chil-

dien, repeated ratings by same teacher. N not reported. Validity .60

between Schedules A and B.

2. Diagnostic Analysis of Effective Leadership, Personal Inventory D 1,

by Donald Laird

Date: 1929.

Publisher: Hamilton Republican, Hamilton, New York.

Designed for : Adults, especially those in industry.
Contents: Twelve traits are to be rated, which are presumably impor-
tant in leadership, viz., self-confidence, oiganizing ability, commercial

attitudes, constructive thinking, etc. Questions concerning the possession
or non-possession of specific qualities under each general trait are to

be answered by checking in the Yes or No column; and a general rating
is given on a graphic scale.

Scoring: Checks on a giaphic scale are translated into numerical values

and totaled to give a composite rating on the twelve traits. Scores on

specific elements in, or aspects of, each general trait may be determined

from a key.

Norms: Average total scores for strong and weak executives are given.

Reliability: Not reported.

3. Graphic Rating Report on Workers, Scale B, by the Scott Company
Date: 1922.

Publisher: Out of print.

Contents: Seven qualities lo be rated on a graphic scale. These quali-

ties are ability lo learn, quantity of work, quality of work, industry,

initiative, cooperativeness, knowledge of work.

Scoring: Ratings are converted into numerical values on a scale from 1

to 10.
*

Norms: None repoi ted.

Reliability: Average r of .76 between ratings given in first and second

months by nine foremen. The r's between the ratings on the same work-

ers made by three pairs of foremen for the third month vaiy from .50

lo .90.

Reference: PATERSON, D. G., "The Scott Company Graphic Rating Scale,"

Journal Personnel Research, 1:361-376, 1922.

4. North Carolina Rating Scale for Fundamental Traits, by Floyd EL

Allport
Date: 1924
Publisher: The C. H. Sloelting Company, Chicago, Illinois.

Designed for: Adulls, primarily; can be used with adolescents.

Contents: Twenty-four paired statements expressing the extremes of a

given quality or trait. Ralings are made on a nine-point scale. Example:
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5. Slow in decision and action 123456789 quick in

decision and action.

Scoring: Subject is rated by marking through the number which indi-

cates the degree of the trait possessed.
Norms: None reported.

Reliability: Not reported.

5. Occupational Intelligence Scale, by F. E. Barr
Date: 1918.

Designed for: Adults.

Contents: 100 representative occupations aie listed, each with a numeri-
cal value which designates the amount of intelligence presumably re-

quired for it. The method of construction of this scale is given in the

Terman reference below. Samples :

3.62 Day laborer

9.37 Carpenter
15.75 Lawyer

Scoring: The individual's intelligence rating is determined from his oc-

cupational status.

Norms: None reported.

Reliability: Not reported.

Reference: TERMAN, L. M., Genetic Studies of Genius, I, 66-72, 1925.

6. Personality Rating Scale, Committee on Personality Measurement,
American Council on Education

Date: 1928. Revisions A and B, 1929.

Publisher: American Council on Education, 744 Jackson Place, Wash-
ington, D. C.

Designed for: Students, primarily college freshmen.

Contents: This scale consists of five traits to be rated on a graphic scale.

The traits are (1) Appearance and manner; (2) industry; (3) ability
to control others; (4) emotional control; (5) distribution of time arid

energy. Space is provided on this scale for "behaviorgrams," i.e., con-
crete instances in support of the rater's judgment.
Scoring: Revision A is scored by checking along a straight line which
is subdivided into ten sections. Revision B is scored by checking one
of six alternatives.

Reliability: .77 for the average of three raters against three other raters.

N = 107 freshmen.

7. Rating Scale for Teachers, by H. C. Almy and Herbert Sorenson
Date: 1930.

Publisher: Public School Publishing Co., Bloomington, Illinois.

Designed for: Teachers.

Contents: Twenty tiaits to be rated on a graphic scale. These traits are

resourcefulness, tact, fairness, sympathy, patience, foresight, etc. A
graphic scale for indicating whether the basis of the rater's judgment
is definite, general or inadequate is provided.
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Scoring: The rating line is subdivided into ten equal parts. The score is

the sum of the points earned on each of the traits.

Reliability: .92, given by the authors for first and second ratings, same

judge. N = 110 piactice teachers.

8. Sims' Score Card for Socio-Economic Status, by V. M. Sims
Date: 1927.

Publisher: Public School Publishing Company, Bloomington, Illinois.

Designed for: Children in Grades 4 to 12; can be given individually or

in groups.

Contents: The purpose of the Score Card is to secure information con-

cerning the social, economic and cultural status of a home. Sample

questions are:

1. Have you a telephone in your home? Yes No
5. Did your father go to college? Yes No

15. D'oes your family attend concerts? Never Occasionally Fre-

quently

20. How many magazines are regularly taken in your home?
None One Two Three or More

21. About how many books are in your home? None 1 to 25 26

to 125 126 to 500 More
22. How many rooms does your family occupy? 234567

8 9 10 11 12 More

23. Write your father's occupation on this line

Scoring: Point credits ranging from to 6 are assigned the answers.

The method of combining the separate score values is given in the

Manual.

Norms: Percentile norms based on 686 sixth-, seventh- and eighth-

grade children.

Reliability: .91 (split-half) for 686 children.

Reference: SIMS, V. M., The Measurement of Socio-Economic Status,

Public School Publishing Company, Bloomington, Illinois, 1928.

9. Whiltier Home Rating Scale, by J. H. Williams

Date: 1916.

Publisher: Whittier State School, Whittier, California.

Designed for: Studying the cultural and economic level of the home.

Contents: This scale contains a score card with directions for grading

each of five different items: necessities, e.g., furnishings, in the home;

neatness; size of the home, number of rooms; parental conditions, e.g.,

parents living together, mother dead; parental supervision.

Scoring: Each item is rated on a scale from 1 to 5. Concrete illus-

trations of what is meant by each grade are given on the score card.

From these a total Index is calculated.

Norms: Ratings for fifty homes of non-delinquent children, and 120



122 PSYCHOLOGICAL TESTS

homes of delinquents are given. Ratings for gifted children have been

given by Terman (62) .

Reliability: Not given.

Reference: WILLIAMS, J. HAROLD, "The Whittier Scale for Grading
Home Conditions," Journal Delinquency, 1 :273-286, 1916.

THE QUESTIONNAIRE

The questionnaire and the rating scale overlap in certain impor-

tant respects which will be noted later. Both are concerned pri-

marily with traits not open to direct measurement. They differ

chiefly in that the rating scale consists of quantitative estimates or

judgments, while the questionnaire presents a systematic report of

an individual's thoughts, attitudes, or experiences. When a person,

in answering a questionnaire, gives estimates of the degree to which

he possesses certain traits or characteristics; or when, in filling out

a rating scale, questions of attitude or questions of fact are involved,

the two techniques are essentially the same.

As distinguished from the psychological test, which records what

a person can do when given a definite task to perform, the question-

naire presents a personal record of an individual's social or moral

attitudes, his interests, his beliefs, and his convictions. The person

who answers a questionnaire is not scored in terms of time taken to

complete, or amount done. Rather, his score serves to identify him,

temperamentally or socially, with a more or less well-defined group
which thinks much as he does or believes and is interested in the same

things.

In general, questionnaires have been used by psychologists for

three purposes. The first is to secure data concerning an individual's

so-called maladjustments, his feelings of inadequacy, fears, worries

and the like. Such "personal data sheets" are, in effect, records of

nervous and mental symptoms. Secondly, questionnaires have been

used in studies of personality in order to obtain attitudes or beliefs

upon social, economic and religious issues. Thirdly, questionnaires
are employed to discover systematic interests in people, books,

sports, vocations, mechanical and social activities, and the like. In

addition to these various uses, it should be noted that questionnaires
have also been widely used by psychologists and sociologists to

obtain data on home conditions, occupational status, cultural level,

and other environmental facts.
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THE CONSTRUCTION AND USE OF QUESTIONNAIRES

1. Selection of Items

In general, the person constructing a questionnaire first makes an

analysis of the characteristics he wishes to measure, drawing his

material from the work of recognized authorities in the field of his

interest. Woodworth (32), in constructing his P.D.
1
Sheet, for ex-

ample, assembled some 200 questions taken from authorities in

psychiatry, and dealing with symptoms found generally to antedate

nervous and mental breakdowns. Freyd's (19) list of fifty-four

characteristics of introversion, later used by Heidbreder in the form

of a questionnaire, is a compilation of the opinions of authorities

upon this topic. Allport's study of ascendance-submission, Watson's

study of fair-mindedness, Strong's study of vocational interests, to

mention only a few, represent in each case a consensus of expert

opinion upon the topics under investigation (p. 131}.
An empirical method of selecting the items of a questionnaire is

often used in conjunction with the method just mentioned. This is

the method of experimental tryout, in which the final items of the

questionnaire are selected as a result of actual trial. In Woodworth's

P.D. Sheet (32), for instance, the questions were submitted to groups

of college students and to nearly 1,000 drafted men all presumably
normal. The questions were also given to men diagnosed as psycho-

neurotic. Two criteria were set up which the individual items were

required to meet before inclusion in the final form of the question-

naire. First, all questions which returned a large percentage of

unfavorable answers (greater than 25 per cent.) in the normal group

were omitted or "stiffened," on the ground that a symptom which

appeared so frequently in normal people could not be taken to indi-

cate abnormality. Secondly, a 2:1 ratio was adopted as between psy-

choneurotic and normal responses. That is, a symptom had to be

reported twice as often by psychoneurotics as by normals to be

taken as indicative of an abnormal trend. In House's revision (32)

of the Woodworth P.D. Sheet a 3:2 ratio as between psychoneurotic

and normal responses was employed as well as a 2:1 ratio, in order

to increase the number of questions.

Akin to this method "of discriminative ratios" just described is

1 Personal data.
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the criterion of internal consistency used by the Thurstones (67).
The Thurstones' final form of their Neurotic Inventory represents

a selection of 223 items, out of more than 600, taken from the

Woodworth P.D. Sheet, and the lists of Freyd, Laird, and Allport.

On the basis of the total scores made by 694 college students on

the Neurotic Inventory, a group of fifty students was cut off from

each of the two extremes (high and low ends) of the distribution.

Group 1, those fifty students having the lowest total scores, was

taken to constitute the probably best-adjusted group; Group 2, those

fifty students having the highest total scores, the probably most-

neurotic group. Only those questions were retained in the Inventory
which exhibited a significantly greater percentage of unfavorable

answers in Group 2 than in Group 1. The criterion of internal con-

sistency is, as its name implies, a method of securing homogeneity
within a questionnaire, i.e., of securing items which will tap cor-

related behavior activities. As a means of validation it does not, of

course, go beyond the material in hand.

In studying introversion, Heidbreder (29) employed the empiri-
cal method in evaluating her questionnaire. Freyd's fifty-four items

(19), covering the characteristics most often attributed to intro-

verts, were presented to 200 men and 100 women students, with the

request that they rate themselves + if the characteristic applied,
if it did not apply, and ? if the rater was doubtful. Each of

the persons in this group had been rated on the fifty-four items by
two associates (as well as by himself) so that three ratings in all

were available for each subject. The score on each paper consisted

of the algebraic sum of the plus and minus items a plus score

indicating introversion and a minus score extroversion.

Heidbreder's distribution of combined self and associate ratings
for her 200 subjects was approximately normal, although the dis-

tribution was somewhat shifted over in the direction of extroversion,
the mean score being 11.25. Neither introversion nor extroversion,

therefore, but "ambiversion" (or a mild extroversion) was the typi-
cal attitude. In order to test the diagnostic value of each item, Heid-
breder selected for comparison, on the basis of total scores, the 25
per cent, most introverted students and the 25 per cent, least intro-

verted students. When the difference in the percentage marking an
item introvert was reliably greater in the introvert group than in
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the extrovert group, the item was taken to be diagnostic of intro-

version.
1

Ream (48) was one of the first investigators to use the method

of contrasted groups as a means of finding significant differences

in expressed interests. Ream compared two groups of salesmen in

order to discover whether the successful could be distinguished
from the unsuccessful by their likes and dislikes. Whenever the

difference in the percentage of successful and unsuccessful sales-

men marking an item L (like), I (indifferent), or D (dislike)

equaled the S.D. (diff.), the item was considered to have distin-

guished adequately between the preferences of the two groups.
1

Using a revision and selection from the 1921 Carnegie Interest In-

ventory, Freyd (20) employed the empirical method in selecting those

activities and interests which are peculiar to the "mechanically
minded" individual. The first of Freyd's lists contained seventy-two

occupations, covering various kinds of work activities; the other

129 items described characteristics of people, as well as a variety

of activities and situations, which people generally like or dislike.

Likes and dislikes in varying degrees were recorded by circling one

of five symbols: L! L ? D D! In order to determine whether an

item was more often preferred by the "mechanically minded" group

(twenty-nine engineers) than by the "socially minded" group (thirty

salesmen), Freyd calculated the percentages of each group, marking
, . ,., t i- TI i - - t * percentage difference
the item liked or disliked in varying degree. A

b.D. (din.)

greater than 2 for any item was taken to indicate a definite prefer-

ence for thai item by one of the two groups.
1

Hubbard's (33) Interest Analysis Blank is another illustration

of the use of contrasted groups in the selection of the items of a

questionnaire. Hubbard's blank consists in part of a list of 115

occupations each followed by the letters L D U. If the subject

crosses out the L it means that he likes the occupation named; if he

crosses out the D it means that he dislikes it; if he crosses out the

it means that he has no particular feeling either way; and if he

crosses out the U it means that he knows nothing about the occupa-

tion in question. Likes and dislikes for a series of sixty-three activi-

1 For the method of calculating the significance of a percentage difference, see

Holzinger, K. J,, Statistical Methods for Students in Education, Ginn & Co., Boston,

chapter 13, 1928.
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ties were indicated in the same way. In devising a scoring scheme

for the blank, two groups of boys were selected, the one group pos-

sessing definite mechanical abilities, the other group having little

mechanical ability. When the percentage of the mechanically in-

clined group "liking" an item exceeded the percentage of the non-

mechanically inclined, the item was considered to be indicative of

"mechanical interest." Plus scores were assigned to those items

which revealed the interests of the mechanically gifted boys, and

minus scores to items which characterized the interests of the non-

mechanically inclined boys. The total score, which was the algebraic

sum of these plus and minus scores, thus served to identify the boy
with one or the other group.

2. Scoring Methods and Answer Techniques
The simplest scoring technique for the items of a questionnaire

is illustrated by the Woodworth P.D. Sheet in which each question

is answered by circling the Yes or No which follows it. House (32),

in his revision of the P.D. Sheet, increased the range of answers by

allowing Yes to be answered as "Extreme" or "Moderate." The

Thurstones (68) and Bernreuter (4) allowed three choices in their

schedules, Yes, No and ?, the last meaning undecided. Ream used

three categories, LID; Freyd five categories, L! L ? D D!

G. B. Watson (71) has used a five-fold multiple-choice method in

recording answers to parts of his test, viz., +2 +1 1 2;

or All, Most, Many, Few, No.

"When the behavior described seems to fall naturally into two

opposing categories, contrasted statements expressing the extremes

of a given activity are often employed in recording answers.

Marston (38), in studying tendencies to introversion and extrover-

sion in young children, required his judges to check that one of

two contrasting statements which better applied to the child being
described. When two forms of behavior are thus placed in opposi-
tion the contrast is better brought out, since the judge has before

him the extremes of the given activity. Cady (9) has used an inter-

esting variation of this method in checking the reliability of the

answers to his revision of the P.D. Sheet. Each question in his origi-
nal list was rephrased in a second form so as to require an opposite

response, thus supplying a check upon the consistency of the sub-

ject's answers. Pressey (46) has checked upon the subject's attitude
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in his X-0 tests by including a single innocuous word, or "joker,"
in each list of five words (p. 136). A notion of the subject's attitude

toward the test, whether he takes it seriously or is flippant and care-

less, is obtained by noting the number of "jokers" which are crossed

out.

G. B. Watson (71) has employed several ingenious methods in

his study of "fair-mindedness" or lack of prejudice. To illustrate,

in Form C "Inference Test" and in Form E "Arguments Test," the

assumption is made that biased or prejudiced views will lead one

to draw extreme conclusions which are not logically valid. An ex-

treme inference or argument, therefore, whether pro or con is taken

as evidence of prejudice. Form D "Moral Judgments" is based upon
the assumption that individuals are more likely to be governed by

prejudice and preconceived notions when the situation to be evalu-

ated is personal and immediate than when it is remote and detached.

Hence, paired situations are presented, the one referring to events

historically or geographically remote, the other to happenings which

are more immediate and personal. The same principle, however,

underlies both situations. It is assumed that prejudice will be shown

by inconsistency in checking arguments relating on the one hand

to remote, and on the other to immediate, situations.

Recourse may be had to a consensus of expert opinion (a) in

selecting the items of a questionnaire, and (b) in determining just

what the attitude expressed by the answer probably denotes. Sy-

monds (61), in his "Social Attitudes Questionnaire," decided upon
the liberal as opposed to the conservative side of questions dealing

with social issues, by having five experts designate what they con-

sidered to be the liberal, and what the conservative, position. In the

same way, Hart (25) used a group of "leaders of social progress"

to determine the liberal or socialized answers to the questions in a

test dealing with social attitudes and interests.

The Colgate Mental Hygiene Tests (37) introduce the graphic

rating scale technique into the scoring of the questionnaire. The

answer to each question on these tests is given by checking along

a line which consists of ten one-half-inch segments. Scoring is ac-

complished by means of transparent stencils. These stencils contain

lines of varying length, each of which corresponds to that interval

upon a line within which the answer to a question is to be judged

unfavorable. Stencil lines fit over the test page and are coincident
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with the rating lines. The extent of the unfavorable interval assigned

to each question was determined by throwing into a distribution the

answers (expressed as linear magnitudes) given to each question

by about 2,000 subjects. The position of the first quartile from the

"neurotic" end of the distribution was then calculated, and any
answer falling within this section was judged to be unfavorable. In

other words, an unfavorable answer places one in the lowest 25 per

cent, of individuals at the "neurotic" end of the distribution.

3. Weighting and Scaling Methods

The use of "contrasted groups" in determining the relative

strength of preferences has already been touched upon briefly (p.

125). The difference between the percentages of two such groups

marking an item as preferred or "liked" offers, too, a simple means

of weighting the item for one or the other group. This method of

weighting the answers to a questionnaire is illustrated by the work

of Garretson (24). This investigator studied the interests of three

groups of boys enrolled, respectively, in academic, commercial, and

technical high schools, with a view toward vocational guidance.
Garretson's questionnaire consisted of 328 items, covering occupa-
tions and other activities, school subjects and interests, celebrities,

things a boy would like to own, magazines read, etc. Answers were

indicated by circling LID. This questionnaire was administered

to 483 boys in a commercial high school; to 503 boys in a regular
academic high school; and to 596 boys in a technical high school.

All of these boys were in the first year of their high-school courses.

Weights or numerical values were assigned to the answers given
to each item in the questionnaire, according to whether they denoted

technical, academic, or commercial interests. These weights were de-

termined by dividing the difference in the percentages of two groups

marking a given item by the S.D. of this difference.
1 The nearest

whole number was taken as the score. To illustrate, if the boys
in the technical high school indicated a preference for "electric

motors" to the extent of 10 per cent, over the boys in the academic

high school, and if the S.D. (diff.) equaled 5 per cent., the weight
of this item was 2 on the scale of technical interests. The groups

employed in determining item weights contained approximately 150

boys, of average ability in their studies, selected from the three

schools in which the tests were given.
1 See p. 125, footnote.
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Garretson has checked his scoring method against other more
elaborate weighting systems, e.g., that of Strong. His results indi-

cated that the simple method gave as high validity correlations with

his criteria as did more involved methods. In his revised question-

naire, Garretson has introduced further simplification by using only

+, 0, and as scoring designations. A + item has a weight of 2, a

(neutral) item a weight of 1, and a item a weight of 0.

The Allport A-S 1

Study offers a good illustration of item weight-

ing, when several possible answers are allowed. This questionnaire

(p. 131) contains in its Form for Men, thirty-three situations, and

in its Form for Women, thirty-five situations, to each of which two

to five different responses are suggested. The numerical score value

to be attached to each response was determined in the following
manner: Five ratings for ascendance-submission, viz., one self-

rating and four ratings by associates, were obtained upon 400 men
and 200 women all college students. A seven-point scale was used

for these ratings, 1 meaning most ascendant, and 7 most submissive.

The averages of these five ratings constituted the criterion, and were

found, when put into a frequency distribution, to exhibit a surpris-

ing degree of normality. The range of average ratings, for instance,

was from 1.4 to 6, the mean being 3.48. The Allports' first method

of obtaining the various weights to be attached to the different alter-

native responses to the questionnaire was to compute the average
criterion scale rating of all subjects answering an item in a given

way. For example, if the average criterion rating of all of those

who gave the response "habitually" to situation 1 (p. 132) was 4,

then 4 would be the weight assigned to this answer. An alternative

and simpler weighting scheme was later used. This consisted in sub-

tracting the average criterion scale rating for each response from

the mean criterion scale rating, i.e., 3.48. For example, if the re-

sponse "never" had a mean criterion rating of 5.68, then. 3.48

5.68 gives 2.20, as the weight to be assigned to this item. Minus

signs are taken to indicate submissive, plus signs ascendant, be-

havior.

The Strong Vocational Interest Blank (55, 58) represents a con-

siderable expansion and revision of the interest Analysis Blank used

earlier by Cowdery (13). The contents of the Vocational Interest

Blank are described on p. 143. This questionnaire is scored sepa-
1
Ascendance-submission.
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rately to show the interests of each occupation, the differences in

the numerical values assigned to the 420 items in the blank denot-

ing the variation in degree of interest of men found in different

occupations. Scoring stencils have been developed for many occu-

pational groups, ranging in interests and intellectual requirements

from advertiser to Y.M.C.A. physical director.

If the experimenter wishes to know whether or not his subject has

the interests of a lawyer, a scoring stencil with one set of weights

is used; if he wishes to know whether the subject's interests are those

of a chemist or architect, other stencils, in which the items are dif-

ferently weighted, are employed. Strong's method of computing the

numerical weights to be attached to the items of his Vocational

Interest Blank, when scored, let us say, for "engineer" interest, was

to compare the answers of a group of successful engineers with

the answers of "men in general." The greater the proportion of

engineers liking a certain vocation, a certain sport, or type of read-

ing matter, over men in general, the greater the weight assigned to

this item on the engineer interest scale. For example, the answers

given by 575 engineers and 3,920 men not engaged in engineering

("men in general") to the item Architect were distributed in per-

centages as follows:

r Engineers Men in General

L '. 57% 42%
I 32% 37%
D 11% 21%

It is evident that "liking to be an architect" is characteristic of

engineers to a somewhat greater degree than of men in general, and

hence this vocation has positive weight on a scale of engineer in-

terest. The weights assigned to the other items on the engineer inter-

est scale were calculated by Strong from formulas adapted from

Cowdery (13).

Strong (56) has made a thorough investigation of the relation be-

tween weighted and unweighted scoring keys. In three groups,

lawyers, architects, and certified public accountants, the size of the

groups varying from forty-five to 190, he obtained an average cor-

relation between weighted and unweighted items of .93. This find-

ing would seem to indicate that weighted answers are of no greater
value than unweighted. In a comparison of individual scores for

four different occupations, however, Strong found that the weighted
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keys classified nearly twice as many men as not belonging to some
other than their own occupation, as the unweighted keys. Expressed
more concretely, when weighted scoring keys were employed, fewer

architects were rated as having the interests of a lawyer, and fewer

journalists as having the interests of accountants. Because of this

more clear-cut separation of occupational groups as regards their

interests, Strong inclines to the use of a weighted scoring method.

Thurstone's contributions to the construction of attitude scales are

too extensive both in technique and method for more than a cursory

description here. Thurstone's work, which is based upon the psycho-

physical methods, leads to scales in which each item, or each situa-

tion, is placed by the consensus of judgment along an attitude con-

tinuum. The zero, or reference point, on each scale is known, and

the distance of each item from the next is determined with reference

to this starting point. To illustrate, in a study of nationality prefer-

ences, Thurstone (64) constructed a scale in which twenty-one na-

tionalities were arranged in order, in terms of the willingness of

Americans to associate with them. Each group was compared with

every other, e.g., Americans with Hindus, Japs with Italians, Eng-

lish with Swedes, the judges being 239 undergraduates. The per-

centage of preference judgments was determined for all possible

pairs, and from these the scale value of each group was calculated.

In the final preference scale, Americans were taken as the zero or

reference point since all other nationalities were less often preferred.

Englishmen and Scotchmen rank next in order, Turks and Negroes

next to last and last, respectively. Many other scales have been con-

structed by Thurstone dealing with attitudes toward prohibition, the

movies, divorce, the Bible, Communism, etc. Thurstone's funda-

mental techniques, used in attitude measurement, are contained in

several articles which should be consulted by the student (65, 66).

REPRESENTATIVE QUESTIONNAIRES

I. PERSONALITY INVENTORIES AND ADJUSTMENT QUESTIONNAIRES

1. A Scale for Measuring Ascendance-Submission in Personality (The

A-S Reaction Study) , by G. W. and F. H. Allport

Date: 1928.

Publisher: Houghton Mifflin Company, New York.

Purpose: To "discover the disposition of an individual to dominate his



132 PSYCHOLOGICAL TESTS

fellows (or to be dominated by them) in various face-to-face relation-

ships of every-day life."

Designed far: Men and women, a separate form for each.

Contents: The A-S questionnaire, Form for Men, comprises thirty-three,

and the Form for Women thirty-five, situations or problems. To each

of these, two to five alternative responses are given. Some situations

appear on only the one form, others on both forms. Samples are:

For both sexes:

At church, a lecture, or entertainment, if you arrive after the pro-

gram has commenced and find that there are people standing, but

also that there are front seats available which might be secured

without "piggishness" or discourtesy, but with considerable con-

spicuousness, do you take the seats ?

habitually

occasionally
never

For men:
In witnessing a game of football or baseball in a crowd have you

intentionally made remarks (witty, encouraging, disparaging, or

otherwise) which were clearly audible to those around you?

frequently

occasionally
never

For women:
If you made purchases at Woolworth's or at the bargain counter,

would you mind your friends' knowing it?

sometimes

no

Scoring: Numerical values, plus, minus, and zero, are assigned to the

two to five alternative answers to each situation. Separate scoring val-

ues are supplied for men and women. The final score is the algebraic
sum of the scores on the separate items. This total is translated into

a rating which gives the degree of ascendance or submission.

Norms: Tentative norms are given in the Manual, based upon groups
of 1,860 men and 1,275 women.

Reliability: .74 (split-half) for 400 men; .78 (relest) for 200 women.

2. Colgate Mental Hygiene Tests, Personal Inventory B2, by Donald
Laird

Date: 1925.

Publisher: Hamilton Republican, Hamilton, New York.

Purpose: To detect abnormal social and emotional trends in adults.

Designed for: Adults; used mostly with college students.

Contents: A total of sixty-six questions, each to be answered on a

graphic scale. This scale consists of lines which have been subdivided
into ten one-half-inch segments. Descriptive terms are printed beneath
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each line. The questions in the inventory are divided into three cate-

gories: Part I, thirty-two questions dealing with psychasthenia ; Part II,

fourteen questions dealing with schizophienia; Part III, twenty items

dealing with neui asthenia.

Scoring: The subject answers a question by checking along the line. If

the check falls in the "neurotic" section of the line (given in the key),
the answer is scoied as unfavorable. Final score is the sum of unfavor-

able answers.

Norms: Percentile norms are given for college men and women, in the

Manual accompanying the test.

Reliability: Laird gives .88 (N not given). Flemming (16) reports a

reliability coefficient of .78 (split-half) in a group of 332 college
fieshmen,

Reference: LAIRD, D., "Detecting Abnoimal Behavior," Journal Ab-

noinial Psychology, 20:128-141, 1925.

3. Emotional Maturity (E.M.) Scale, by R. R. Willoughby
Date: 1931.

Publisher: Stanford Univeisity Press, Stanfoid, Califoinia.

Puipose: To estimate emotional matunty as shown by subject's willing-

ness lo accept responsibility, freedom from infantile motives, etc.

Designed for: College students and adults.

Contents: Sixty items, "each of which describes in terms of a hypo-
thetical subject (S) a type of situation and a reaction to it." Examples
are:

2. S is extremely solicitous of his immediate family associates

15. S demands that he be punctiliously served in hotels, sleeping

cars, etc

58. S is serious and anxious in his manner, even in cases where noth-

ing important can hang on the results

Scoring: The person taking the test checks a statement if it describes

him, or if it describes the person whose characteristics he is evaluating.

Norms: Percentile norms for seventy students, of both sexes, each rated

by self and by two acquaintances.

Reliability: .54 between college student raters. Author believes relia-

bility is much higher with experienced raters.

4. "Experience Variables" Record, by J. 0. Chassell

Date: ]928.

Published: By author. University of Rochester Medical School, Roches-

ter, New York.

Purpose: To provide a systematic survey of an individual's attitudes

toward his family; sex and religious standards; social and emotional

adjustments; intellectual and vocational interests and aptitudes.

Designed for: Adults.

Contents: There are twelve sections. Within each section questions are
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classified into four groups, in accordance with the kind of behavior

investigated.

Scoring: Time of appearance of a given experience is recorded by

checking in one of three columns, headed "Childhood," "Early Teens,"

"Recent or New," respectively. Record is used as a case history.

Author advises use of record in personal counseling, especially in inter-

views with college students.

Norms: None reported.

Reliability: Reliability coefficients for different groups of items are

reported by Chassell, in terms of C, coefficient of contingency.

Reference: CHASSELL, J. 0., Experience Variables, A Study of the

Variable Factors in Experience Contributing to the Formation of Per-

sonality, published privately, Rochester, N. Y., 1928.

5. Mental Hygiene Inventory (a Revision of the Woodworth P.D. Sheet)

by S. D. House
Date: 1927.

Publisher: The C. H. Stocking Company, Chicago, Illinois.

Purpose: To measure neurotic tendencies in adults.

Designed for: Adults (men).
Contents: Seventy-five statements, twenty-five referring to experiences
before fourteen years of age; fifty to experiences after fourteen years.

Each question is followed by Yes (extreme or moderate) No.

Scoring: Yes extreme, Yes moderate, or No circled by subject. Score

is total number of unfavorable answers.

Norms: Results are reported for various college groups and for neu-

rotic patients.

Reliability: .71 (retest) in group of sixty-eight college students; .85

retest) in group of fifty-eight students.

Reference: HOUSE, S. D., "Mental Hygiene Inventory," Archives

Psychology, 88, 1927.

6. Personal Data Sheet, by R. S. Woodworth
Date: 1917.

Publisher: The C. H. Stocking Company, Chicago, Illinois.

Purpose: To estimate an individual's psychoneurotic tendencies, i.e., in

general, his emotional and social inadequacies.

Designed for: Adults; originally for soldiers.

Contents: One hundred sixteen questions, each followed by Yes and
No. Samples are:

1. Do you usually feel strong and well? Yes No
18. Do you feel tired most of the time? Yes No
35. Were you shy with other boys? Yes No
64. Does it make you uneasy to go into a tunnel or subway? Yes

No
97. Do your interests change quickly? Yes No

110. Has any of your family committed suicide? Yes No
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Scoring: Each question is answered by circling Yes or No. The score

is the total number of unfavorable or neurotic answers, the "wrong"
answer being sometimes Yes and sometimes No.

Norms: An average score of thirty-six for neurotics and a ten for nor-

mals is given by Woodworth. For results with other groups see Flem-

ming (16) and Hollingworth (31).

Reliability: .90 (split-half), with groups of soldiers. N not reported.

7. Personality Inventory, by R. G. Bernreuter

Date: 1931.

Publisher: Stanford University Pi ess, Stanford, California.

Purpose: To measure (1) neurotic tendencies, (2) self-sufficiency, (3)

introversion-extroversion, (4) dominance-submission.

Designed for: High schools and college students; also adults.

Contents: One hundred twenty-five questions, taken from Thurstone,

Laird, Allporl, and others. Each question is followed by Yes, No, ?.

Scoring: This blank is scored separately upon four scales, a different

set of weights being assigned to the items in each case. Scale 1 is for

neurotic tendencies; Scale 2 for self-sufficiency; Scale 3 for introversion-

extroversion; Scale 4 for dominance-submission.

Nonns: Pcrcentile norms for high-school and college students, and for

adults, both men and women, are supplied for each scale.

Reliability: Scale 1, .88; Scale 2, .85; Scale 3, .85; Scale 4, .88. N
]28 college sLudents in each case.

8. Personality Schedule, by L. L. and T. G. Thurstone

Date: 1929.

Publisher: University of Chicago Press, Chicago, Illinois.

Purpose: To detect personal and social maladjustments.

Designed for: Adults, especially college students.

Contents: Two hundred twenty-three questions followed by Yes, No
and ?, the last meaning not sure or undecided.

Scoring: Subjects are instructed to circle Yes, No or ?. The maladjust-

ment score is the sum of unfavorable answers. Scoring is facilitated by
means of a stencil.

Noims: For college students, score ranges corresponding to normal,

slightly maladjusted, maladjusted, etc., are given.

Reliability: .95 (split-half) for 694 Chicago University freshmen.

Reference: TIIURSTONE, L. L., AND T. G., "A Neurotic Inventory," Jour-

nal Social Psychology, 1:1-30, 1930.

9. Revision of lie Woodworth P.D. Sheet, by Ellen Mathews

Date: 1923.

Publisher: The C. H. Sloelting Company, Chicago, Illinois.

Purpose: To measure the emotional stability of children.

Designed for: Ages eight and above.

Contents: Form A, sixty questions; Form B, forty questions, each ques-

tion followed by Yes or No. These two forms were later combined into
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a single form of seventy-five items. This questionnaire is an expurgated
and simplified edition of the original Woodworth P.D. Sheet.

Scoring: Each question is answered by circling Yes or No. The final

score is the total number of unfavorable answers.

Norms: Medians, twenty-fifth and seventy-fifth percentiles given by age

groups for boys and girls, nine to nineteen years old. Also medians,

twenty-fifth and seventy-fifth percentiles for Italian and Jewish chil-

dren, for retarded and advanced pupils, and for other special groups.

Reference: MATHEWS, ELLEN, "A Study of Emotional Stability in Chil-

dren," Journal Delinquency, 8:140, 1923.

10. X-0 Tests for Investigating the Emotions, by S. L. Pressey
Date: 1920.

Publisher: The C. H. Stoelting Company, Chicago, Illinois.

Purpose: To uncover individual differences in moral, emotional and

affective tendencies; eccentric attitudes, anxieties and other behavior

abnormalities.

Designed for: Form A, for adults; Form B, for children.

Contents: The blank consists of four sub-tests, each lest containing

twenty-five sets of five words each. In tests 1, 3 and 4 the subject is in-

structed to cross out all words denoting situations or things which are

unpleasant, blameworthy or emotionally disturbing; and to circle the

one word in each list of five which is most unpleasant or disturbing. In

test 2 the subject is instructed to cross out all words associated in any

way with a given stimulus word and to circle the one word in each set

having the closest relation to the stimulus word. Samples are:

Test 1. Disgust, fear, sex, suspicion, aunt.

Test 2. Blossom: flame, flower, paralyzed, red, sew.

Test 3. Begging, swearing, smoking, flirting, spitting.

Test 4. Injustice, noise, self-consciousness, discouragement, germs.

There are 600 separate elements in the whole test.

Scoring: The total number of words crossed out gives the "total affec-

tivity score," while the sum of the words crossed out by S which, are

different from the modal word in each line, i.e., the word most often

chosen, gives the deviation or "total idiosyncrasy score."

Norms: Median and quartile scores both for total affectivity and total

idiosyncrasy are given in the Manual. Results are based upon test scores

of 114 college students, fifty-eight women and fifty-six men.

Reliability: Test 1, .85; Test 2, .86; Test 3, .82; Test 4, .87 by retest

on sixty-four college students after a forty-eight-hour interval (40).
These reliability coefficients are lower when a longer time interval has

elapsed. Flemming (16) reports a reliability coefficient of .97 (split-

half) for total affectivity score obtained in a group of 328 freshmen;
and a reliability coefficient of .50 (split-half) for the total deviation

score in a group of 311 freshmen.
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Reference; PRESSEY, S. L, "A Group Scale for Investigating the Emo-

tions," Jouuial Abnormal and Social Psychology, 16:55-64, 1921.

II. INTROVERSION-EXTROVERSION QUESTIONNAIRES

1. Colgate Mental Hygiene Test^s,
Personal Inventory C2, by D. Laird

Dale: ]925.

Publisher: Hamilton Republican, Hamilton, New York.

Purpose: To measure tendencies toward introversion.

Designed for: Adults, used mostly with college students.

Contents: Forty-eight items to be answered on a graphic scale in terms

of the behavior habitually shown by the subject.

Scoring: Answers are checked along the line following the questions.
Total score is number of introvert answers, the introvert section of the

line being given by the scoring stencil.

Norms: Pcrcenlile norms for college students, men and women.

Reliability: .85 is given by Laird, N not stated.

2. Diagnostic Test for Introversion-Extroversion, by C. A. Neymann and
K. D. Kohlstedt

Date: 1928.

Publisher: The C. H. Stocking Company, Chicago, Illinois.

Purpose: To reveal tendencies towaid introversion or extroversion.

Designed Jor: Adults.

Contents: Fifty statements to be answcied by underlining Yes or No.

Samples :

Always be calm and collected. Yes No
Rewrite social letters. Yes No
Take an active part in all conversations going on around you. Yes

No.

Scojing: The subject is requested to express his agreement or disagree-

ment with the idea expressed in each statement by circling Yes or No.

The number of questions answered in the extrovert direction are counted,

and the number of introvert questions subtracted from this total. A
minus score is introvert, therefoie, and a plus score extrovert.

Nojms: For 400 insane patients; 250 college students; 150 teachers,

professional men, salesmen, etc. See Manual.

Reliability: Not reported.

3. Introversion-Extroversion in Terms of Interest, by E. S. Conklin

Date: 1923.

Publisher: University of Oregon, Eugene, Ore.

Purpose: To reveal introversion-extroversion through interests in con-

trasted activities,

Designed for: Adults.

Contents: Forty items to be rated on a nine-point scale.

Scoring: The score is the ratio of the sum of the reactions to extrovert

items, to the sum of the reactions to introvert items.



138 PSYCHOLOGICAL TESTS

Norms: None reported.

Reliability: .95 in a group of 352 college students.

*

Reference: CONKLIN, E. S., "The Determination of Normal Extrovert-

Introvert Interest Differences," Pedagogical Seminary and Journal

Genetic Psychology, 34:28-37, 1927.

4. Introversion-Extroversion in Young Children, by L. R. Marston

Date: 1925.

Publisher: The C. H. Stocking Company, Chicago, Illinois.

Purpose: To discover introvert tendencies in young children.

Designed for: Children two to six years old.

Contents: Twenty pairs of contrasting statements, the one representing

the typical introverted, and the other the typical extroverted, attitude.

Samples :

( ) Is self-conscious; easily ( ) Is self-composed; seldom

embarrassed, timid or bash- shows signs of embarrass-

ful. ment; perhaps is forward

and "bold."

( ) Rather insensitive and in- ( ) Very sensitive and easily

different to others' opin- hurt; reacts strongly to

ions; independent. praise or blame.

Scoring: One member of each contrasting pair is to be marked H (-

if it describes the child exactly, and+ if fairly well. If neither state-

ment describes the child both are marked . Judgments are evaluated

quantitatively as follows:

1 = -[- -f- introvert trait

2 = -f- introvert trait

3 = introvert trait-extrovert trait

4 = + extrovert trait

5 = + -f- extrovert trait

The scale is scored cumulatively, scores ranging from 20 for extreme

introversion, to 100 for extreme extroversion.

Norms: Average introversion-extroversion ratings and specimen pro-
files are given.

Reliability: .89 for six raters on comparable halves of scale, N = 26;
.71 is average intercorrelation of three raters, N = 26.

Reference: MARSTON, L. R., "Emotions of Young Children," Iowa Stud-

ies in Child Welfare, 3:99, 1925.

5. Personal Traits Rating Scale, by Edna Heidbreder
Date: 1927.

Publisher: The C. H. Stoelting Company, Chicago, Illinois.

Purpose: To measure (a) sense of inferiority, and (b) tendencies to-

ward introversion.

Designed for: Adults.
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Contents: Part I, consisting of 126 personality traits, is to be answered

by S. Part II, consisting of fifty-four introversion-extroversion traits,

is to be answered by S and by friends or associates.

Scoiing: Part I: each item is designated as ++, +, 0, , or ;

from H K indicating the presence of a trait to a marked degree, to ,

indicating the presence of its opposite to a marked degree. The final

score is the number of traits or symptoms of inferiority. Part II: each

item marked + indicates introversion; items indicate extroversion;

and ? items indicate doubt. The final score is the algebraic sum of the

+ and ratings.

Norms: For Part I, based upon 268 students in introductory courses in

psychology; for Part II, based upon 200 students in general psychology.

Reliability: For Part I, r = .73 (letest) 147 persons after an interval

of six weeks; for Part II, r = .78 (split-half) N = 200.

Reference: HEIDBREDER, EDNA, "Self Ratings and Preferences," Journal

Abnormal and Social Psychology, 25:62-74, 1930-1931.

III. ATTITUDE QUESTIONNAIRES

1. A Test of Public Opinion (A Survey of Public Opinion on Some

Religious and Economic Issues), by Goodwin Watson
Date: 1923.

Publisher: Bureau of Publications, Teachers College, Columbia Uni-

versity, New York.

Purpose: To show the extent and strength of an individual's prejudices,

as exhibited in extreme opinions upon moral, religious and economic

questions.

Designed for: High-school seniors and adults.

Contents: There are six parts or forms in this questionnaire. Form A
is concerned with opinion upon social, religious and economic

questions; Form B with the certainly of opinion in these same fields;

Forms C, D, and E measure the extent lo which an individual is willing

to commit himself on moot questions; and Form F deals with the sub-

ject's willingness Lo generalize his opinions upon controversial issues.

Scoiing: Extreme opinions, whether pro or con, are scored as evidenc-

ing prejudice. The gross total gives the general level of prejudice, and

an analytic score is provided to indicate the direction of prejudice. A
Manual gives directions for scoring.

Norms: Prejudice scores for various groups are given in the Manual.

Reliability: .96 (gross score) in a group of 161. The reliability coeffi-

cients of the analytic scores run from .60 to .88, N = 70.

Reference: WATSON, G. B., The Measurement of Fair-mindedness, Teach-

ers College Publications, Columbia University, 176, 1925.

2. Apperception Test, by Edith Burdick

Date: 1927.

Publisher: Association Press, 347 Madison Avenue, New York City.
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Purpose: To measure the cultural background and social status of the

child in the light of his attitudes and convictions.

Designed for: Children in the elementary grades.

Contents: Scale A contains eleven sections to be answered by the child

as a group test. Scale B contains five sections to be answered by the

child at home. These sections deal in general with knowledge of social

usage, things liked and disliked, roles of father and mother in the home,

cultural knowledge, play activities, books read, and acts considered

desirable.

Scoring: A scoring key was worked out f~om the combined ratings of

competent judges.

Norms: Means and S.D.'s have been leported for a variety of groups.

Reliability: .62 to .77 in elementary grade groups. (N varied from 144

to 168.)

Reference HARTSHORNE, H., AND MAY, M., Studies in Deceit, The Mac-

millan Company, New York, Book I, 205-212, 1928.

3. Experimental Study of Attitudes toward the Church, by L. L. Tliur-

stone and E. J. Chave
Date: 1929.

Publisher: University of Chicago Press, Chicago, Illinois.

Purpose: To determine to what degree an individual is sympathetic or

antagonistic toward the modern church.

Designed for: Adult groups.
Contents: Forty-five statements ranging from those very favorable lo the

church to those very unfavorable.

Scoring: S is to check those statements with which he agrees. Final score

is determined from the average of the scale values of the opinions

expressed.
Norms: Results for several groups are given: freshmen, sophomores,

juniors and seniors, graduate students, divinity students, churchgoers,

non-churchgoers, Jews, Protestants, Catholics, men and women.

Reliability: .92 (split-half), N = 200 freshmen.

Reference: THURSTONE, L. L., AND CHAVE, E. J., The Measurement of

Attitude, University of Chicago Press, Chicago, 1929.

4. Test of International Attitudes, by G. B. Newmann, D. H. Kulp and
Helen Davidson

Date: 1926.

Publisher: Bureau of Publications, Teachers College, Columbia Uni-

versity, New York.

Purpose: To discover international and interracial attitudes.

Designed for: Young people and adults.

Contents: Four sections, A, B, C and D, dealing with attitudes toward
international questions, beliefs and convictions regarding other races

and nations. In Section A each item is preceded by a+ ?
; items in

other sections are preceded by R+ R ? W W .
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Scoring: Agi cement or disagreement is expressed by circling the ap-

propriate symbol. Final score is total number of points obtained on all

items (each answer has a different weight which is given by the key),
divided by 100, the number of items in the whole test.

Norms Given in the Manual for various high-school groups.

Reliability: .77 to .98 (split-half) within a group of 346 high-school
seniors.

5. Test for Social Attitudes and Interests, by Hornell Hart

Date: 1923.

Publisher: University of Iowa, Iowa City, Iowa.

Purpose: To indicate predominant attitudes, i.e., likes and dislikes to-

ward a variety of activities, and toward a number of social and eco-

nomic situations.

Designed for: Adults and adolescents over twelve years.

Contents: Chart 1 contains practice lists; Chart 2, four lists of activities,

social, emotional, religious, economic, for which preference or lack

of preference is to be expressed. Chart 3 contains two lists of things

to read or study and two lists of economic and social refoims upon
which the subject is to express an opinion. Each item is followed by a

+ and .

Scoring: S is to circle the + if the item is liked, and the if it is dis-

liked. The liberal or socialized responses were determined from a group
of "leaders of social progress," with which S's responses may be

compared.
Norms: The responses of social leaders and other groups are supplied

by the author.

Reliability: Not reported.

Reference: HART, H., A Test of Social Attitudes and Interests., Univer-

sity of Iowa Studies in Child Welfare, II, 4, 1923.

IV. INTEREST QUESTIONNAIRES

1. Interest Questionnaire for High School Students, by 0. K. Garrctson

and P. M. Symonds
Date: 1931.

Publisher: Bureau of Publications, Teachers College, Columbia Unr/ei-

sity, New York.

Purpose: "To supply a valid and reliable measure of the inclination of

pupils entering high school toward the academic, commercial, and tech-

nical curricula, through a sampling of their preferences over a wide

range of items."

Designed for: High-school boys.

Contents: Eight tests dealing with occupations, sports, student school

activities, school subjects, things desired, magazines read, etc. S ex-

presses preference by circling L, I, D. Samples:
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Test 1 Barber L I D
Test 3 Outdoor work LID
Test 5 Member of glee club LID
Test 8 Detective stories LID

Scoring: Test is scored separately for academic, commercial and tech-

nical interests. Final score is sum of credits given items.

Norms: Decile scores for academic, commercial and technical interests

based on questionnaires from approximately 800 ninth-grade boys.

Reliability: .86 (split-half) for academic preference; .93 (split-half)

for commercial preference; .95 (split-half) technical preference. Each

reliability coefficient is based upon twenty-five cases.

2. Occupational Interest Blank for Women, ty Grace E. Manson
Date: 1931.

Publisher: School of Business Administration, University of Michigan,
Ann Arbor, Michigan.

Purpose: To determine whether a given woman's interests serve to

identify her with a well-defined occupational group.

Designed for: Women.
Contents: This blank contains 160 occupations, open to women, ar-

ranged alphabetically. Each occupation is followed by five symbols
L! L ? D D! which denote different degrees of "liking" and "disliking."

Samples:

Auditor L! L ? D D!

Interior decorator L! L ? D D!

Singer L! L ? D D!

Scoring: Stencils in which each choice is given a 4" or numerical

weighting are employed as in the Strong Vocational Interest Blank.

There is a different stencil for each occupation. If a blank is scored for

"trained nurse" interests, the total score classifies the subject as having
the interests of a nurse, as not having the interests of a nurse, or as

doubtful.

Norms: Scales are available for ten occupational interests, e.g., high-
school teacher, private secretary, stenographer.

Reliability: .89 (split-half) the average of ten reliability coefficients,

each based upon a sample of fifty drawn from the given occupation.

Reference: MAJMSON, GRACE E., Occupational Interests and Personality

Requirements of Women in Business and the Professions, Michigan
Business Studies, 3:281-409, 1930.

3. Specific Interest Inventory, Form W, by Frances J. Stewart and Paul
Brainard

Date: 1932.

Publisher: Psychological Corporation, 522 Fifth Avenue, New York City.

Purpose: To aid in the discovery and analysis of interests, with a view
toward vocational guidance.
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Designed for: Various groups, Forms B, G, M and W, for boys, girls,

men and women, respectively.

Contents: Twenty groups of questions plus an inventory of likes and
dislikes. Each group contains five questions covering different phases
of a given mode of expression. These are scored under Dislike, Neutral

(N) , Like. For example, under music are included instrumental and
vocal performance, analysis, composition, and appreciation of music.

Samples:
Manual (expression) . How do you like

Dislike N Like
41. To wrap parcels, cover or re- 1 2 3 45

pair books, making neat folds?

42. To do fine needlework, make 12 3 45
or repair clothes?

43. To trace patterns or maps; to 1 2 3 45
draw with careful measure-

ment?

44. To cut out patterns; to shape 12 3 45
objects carefully with knife,

scissors, or scroll saw?
45. To do weaving, basketry, wood- 12 3 45

work, varnishing, painting, etc.

Scot ing: Final score is sum of all numbers circled. Subtotals, found by

totaling numbers circled under each of the different headings, are ar-

ranged in order of size in order to provide an analysis of an individual's

interests. Other methods of analyzing the scores from the blank into

vocational patterns are suggested in the Manual.

Norms: No average scores, or norms, are given for different groups. An

analysis of scores, however, indicates the order and range of interests.

From this, tentative educational and vocational possibilities are

suggested.

Reliability: Shifting of interests was studied by giving the Inventory to

sixty ninth-grade children in November and again in May. The self-

consistency of the twenty subgroups, as shown by their r's, ranged from

.13 to .94, with an average at .68.

4. Vocational Interest Blank, by E. K. Strong
Date: 1927.

Publisher: Stanford University Press, Stanford University, California.

Purpose: To discover whether an individual's interests are closely iden-

tified with those of some well-defined occupational group, e.g., lawyers,

chemists, physicians.

Designed for: Adults.

Contents: This blank contains eight parts. Parts I, II, III, IV and V
deal respectively with occupations, amusements, school subjects, activi-

ties and peculiarities of people. Parts VI, VII and VIII deal with prefer-
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ences for various activities, careers as typified by well-known men, com-

parisons of interests, abilities and characteristics. S answers Parts I-V

by circling the L (like), I (indifferent) or D (dislike) after each item.

In Part VI, the first three and last three choices are indicated by check

marks; and in VII and VIII answers are indicated in the appropriate

column. Samples are:

Part I Astronomer LID
Fanner LID

Part II Golf L I D
Atlantic Monthly LID

Part III Algebra L I D
Part IV Making a radio set LID
Part V Witty people LID
Part VIII Get rattled easily Yes ? No

Scoring: Blank is scored separately for each occupation. Final score for

a given occupation is algebraic sum of weights assigned to L, I, D.

Detailed directions are given in Manual.

Norms: When scored for a given occupation, say farmer, S's total score

enables him to be assigned a rating of A (having interests of farmer) ,

B (not sure), C (does not have interests of a farmer).

Reliability: .80, average of twelve reliability coefficients obtained from

eighty-three lawyers, fifty architects, forty-five C.P.A.'s, 100 college

students, scored for lawyer, architect, C.P.A. scales.

THE VALIDITY OF THE QUESTIONNAIRE

1. General Principles

We have previously shown (p. 124) how Thurstone and other

investigators used the criterion of "internal consistency" in the se-

lection of the items to be included in the final forms of their ques-
tionnaires. This technique is clearly a method of validation as well

as a method of selection. It loads the questionnaire with items known
to be discriminatory; and furthermore when items exhibit self-

consistency, i.e., show close agreement among themselves, we know
that the questionnaire is, at least, tapping related aspects of be-

havior.

Internal consistency is a necessary preliminary method in the

standardization of a questionnaire. Once the questionnaire has been

completed, however, its validity, as a finished instrument, may be

considered from two points of view. The first is concerned with the

veracity of the subject's report; the second with the agreement of

the questionnaire with objective measures of what it is attempting
to reveal. We may consider these in order.
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When one has gathered together a list of questions agreed upon

by experts as furnishing a comprehensive sampling of the field stud-

ied, the validity of a subject's report will obviously depend upon
his veracity. If the conditions of the experiment are good, and the

motivation such as to insure reasonable honesty, an individual's

report must be taken at face value. There is, in a sense, no more

valid report than a person's own statements concerning himself.

Suppose, for example, that a man reports that he is timid, and is

bothered by fluttering of the heart; or that he is a fundamentalist

in religion; or is interested in medicine rather than in law. The

question of whether this individual actually possesses the symptoms,
or the attitudes and interests which he describes, is of no more

importance than the fact that he believes that he possesses them.

That neurotic symptoms do not always exhibit themselves in be-

havior is no argument against their reality. Feelings of social in-

feriority, the dislike of people and crowds, etc., are often reported

by persons who, to casual observation, seem perfectly at ease in

social situations. Again, a change in motivation may radically affect

a person's report. Hollingworth (31) found a drop of from fifteen

to twenty points in the number of unfavorable answers to the P.D.

Sheet given by pre- and post-armistice soldier groups. There is no

more reason to believe that these men lied than there is to believe

that both reports were valid (i.e., truthful), since the second report

was influenced by conditions radically different from those present

in the first.

The usual method of determining the validity of a completed ques-

tionnaire is to check its data against the judgment of experienced

observers; or to find the correlation of the questionnaire with other

determinations of the traits which the questionnaire is trying to

evaluate. Franz (17), commenting on the Woodworth P.D. Sheet,

and basing his opinion upon clinical findings, states that "probably

any individual who answers twenty of the questions wrongly should

be suspected of instability. If the number of wrong answers is greater

than thirty, grave suspicion of abnormality is warranted." Laird (37)

says of his Personal Inventory B2 that ". . . it has found a large

number for whom there has been a distinct need for orthosis* and

who would otherwise probably never have been noticed until some-

thing serious had occurred." Woodworth reports that normals had a
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median score of 10 unfavorable answers on the P.D. Sheet, while

psychoneurotics gave from 30 to 40 unfavorable answers.

2. Personality and Adjustment Questionnaires

Mathews (39) had four competent judges rate each of thirty-five

girls in a Protectory for "nervous instability/' using a four-point

scale. The correlation between these composite ratings and the

Mathews revision of the P.D. Sheet was .52; between composite

ratings and a second giving of the P.D. Sheet .66 (N= 28 girls).

Cady (9) has reported correlations of .41, .42, and .36 between

his revision of the P.D. Sheet and teachers' estimates of incorrigibil-

ity. Cady's subjects were a group of 150 incorrigible boys confined

in institutions. Terman (62), using the Cady revision with some

additions, has studied the emotional stability of gifted children.

These children, age for age, far surpassed the normal control group,

both in absence of nervous symptoms and in social adjustment.

Slawson (54) arranged the seventy questions in the Mathews re-

vision of the Woodworth P.D. Sheet in order in accordance with

the number of unfavorable answers given by the boys in three insti-

tutions for the delinquent. The average correlation between the ranks

for the three groups was .91. This high agreement in the incidence

of reported symptoms is to be contrasted with the correlation of .55

between the orders of the questions for normal children. Such re-

sults as these indicate that the Woodworth P.D. Sheet and its re-

visions sift out, with fair accuracy, persons handicapped or liable

to be handicapped by poor social and personal adjustments.

The Thurstones (67) report results secured with the Personality

Schedule which have a distinct bearing upon its practical usefulness.

The more neurotic students, as judged by the number of unfavorable

answers, do better academic work than those presumably better

adjusted. This result has been substantiated by Laird and by Flem-

ming. On the average, women score higher than men on the sched-

ule, non-fraternity men higher than fraternity men, Jewish students

higher than Gentile students. Bridges (8), who administered the

P.D. Sheet to 136 college men and thirty-two women, reports women
to be less stable emotionally than men. Students also prove to be

less stable than the general population. The typical student neurosis,

according to Bridges, is characterized by anxiety, irritability, worry
and disturbed sleep.
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The correlation of the Thurstone Schedule and the Bernreuter

Inventory (4) scored for neurotic traits was .94 in a group of sev-

enty students in a class in elementary psychology. Bernreuter re-

ports correlations of .76 (N= 70) and .69 (N= 44) between his

Inventory when scored for introversion and the Colgate Introversion

Test C2. Both of these results were based upon data obtained from

college students. The Allports (2) have attempted to validate their

A-S Study against ratings for ascendance-submission. The correla-

tion between self ratings, in their standardization group of 400 men,
and scores on the A-S test was .63; between ratings by associates

and test scores .46. These correlations are spuriously high because

the same group that was used in determining the scale values was

also employed in validating the test. In later studies, r's of .29, .30,

and .33 were obtained between ratings for ascendance-submission and

scores on the A-S Study in groups of forty-two men, fifty-one women,
and twenty-one men and women, respectively. These r's do not indi-

cate a high degree of validity for the test, although the probable

unreliability of the ratings precludes a definite conclusion. The au-

thors comment that "the ultimate validity of the study will in all

probability be established only in terms of its practical success in

vocational guidance, clinical and personnel work and other forms

of personality study."

The Pressey X-0 Test contains so many diverse elements that a

"total affectivity" score has little value or meaning. The interpre-

tation of an "idiosyncrasy" score is also doubtful, since "modal

choices" of words in the various lists fluctuate greatly depending

upon the group used in the standardization. Pressey (46) has rec-

ognized these facts and has emphasized the need for "differential

scores" based upon an analysis of the items separating two con-

trasted groups. Chambers (10), working with 200 college students,

devised a differential score for the X-0 test by selecting those

marked-out words which separated the high 25 per cent, ("good"

students) in the grade distribution from the low 25 per cent, ("poor"

students). A score of +1 was given a student for each word crossed

out which was characteristic of the high 25 per cent., and a score

of 1 for each word crossed out which was characteristic of the

low 25 per cent. The final score was the algebraic sum of the plusses

and minuses. This "net differential score" correlated .54 with

grades, while the correlation between grades and intelligence tests
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in the same group was only .33. It should be noted that the r of .54

is partly spurious as the differential scores were derived from the

grade distribution, and hence are directly dependent upon them.

However, in another group of fifty-seven students, Chambers ob-

tained an r of .46 between the same two measures which indicates

considerable promise for the method. In another study, Chambers

(11) has applied the method of differential scores with considerable

success to the study of emotional maturity in children from Grades
6 to 12.

3. Introversion-Extroversion

A correlation of .22 between the introversion and extroversion

scores of the Colgate Mental Hygiene Test Cl has been reported

by Hoitsma (30) in a group of 288 men who took the test twice,
and a correlation of .45 between the same two tests in a group of

268 women. These r's indicate considerable opposition in the two

attitudes, but not enough to suggest entirely opposed types. In the

same study, the correlation between introversion and scholarship in

a group of 218 men was .35, and the correlation between introver-

sion and the Colgate Mental Hygiene Test Bl was .49. The indica-

tion is that the better students tend to be introverted and also more

susceptible to nervous symptoms.

4. Attitudes

G. B. Watson (71) has tested the validity of his fair-mindedness

test in various ways. The homogeneity of the test as a whole was

investigated by finding the correlation of each of the six parts with
the total score on the test. These correlations range from .53 to .94

(N= 40) with an average of .68, indicating a fairly substantial

community of attitude within the test as a whole. Case studies were
also made of the scores of individuals and groups considered by
their associates to be especially fair-minded or unprejudiced, and
of other individuals and groups believed to be prejudiced along
definite lines. In these comparisons the "prejudiced" individuals

returned scores from 35 to 65 per cent, higher than the "unpreju-
diced." These results indicate a considerable degree of validity for
this test.

E. K. Strong (57) has validated his Vocational Interest Blank
against several criteria. The construction of scoring keys for each

occupation separately is, of course, a direct means of validation,
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since scoring weights (for lawyer, engineer, etc.) are based directly

upon the expressed interests of the particular groups concerned.

The validity of the test was studied further by comparing the domi-

nant interests registered by men taking the test and their later voca-

tional choices. The Vocational Interest Blank, for example, was
administered to 284 Stanford University students at the beginning
of their senior year, and nine months later upon graduation a report
was secured from those who had made a definite choice of occupa-
tion. Strong found that 71 per cent, of this group had selected

occupations in which they rated highest or second highest in interest.

Six months after graduation reports were secured from 156 of these

students concerning the occupations which they had entered or were

planning to enter. Nearly half of these men were entering the occu-

pation in which their interest scores were highest, and 77 per cent,

were entering the occupation in which their interest scores were

first, second or third highest. If men tend in general to enter those

occupations in which they are interested, these results indicate a

high degree of validity for the Vocational Interest Blank. Still an-

other common-sense method of validation was used by Strong (58j.

This was to compare the interests of vocations which seemed to

appeal to the same or to very different groups. The results here

are fairly consistent with common experience. The interests of the

engineer, for instance, were found to be closely related to the inter-

ests of the chemist or farmer, and remotely related to the interests

of the minister or the advertising man.

5. Interests

Garretson (24) has obtained results which indicate that his inter-

est questionnaire will predict quite accurately the subjects which a

boy will select in high school. Using the bi-serial correlation method

(35), Garretson found a high correlation between specific interests

and choice of school studies involving these interests. Thus, the

correlation between interest expressed in commercial subjects and

the choice of this curriculum was .73; between technical interests

and the choice of technical subjects .87; and between academic in-

terests and the choice of academic subjects .56. No correlation was

found by Garretson between commercial, technical or academic

interests and general intelligence,

Wyman's Free Association Tests of Interest (72) is an ingenious
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attempt to measure interests objectively through the free association

technique. This test consists of two sets of sixty stimulus words each,

the responses or associations to which can be scored separately for

intellectual, social or activity interests. According to Wyman, those

responses which exhibit, predominantly, interest in "knowing" are

adjudged intellectual; those showing piedominantly interest in per-

sons, social; and those showing interest in "doing," activity. In con-

structing scoring keys for her test, Wyman weighted each response

for intellectual, social or activity interests, according to the fre-

quency with which each response was given by children selected by
their teachers as having primarily intellectual, social or activity

interests. The validity of the test was investigated by finding the

correlations of interest scores with teachers* ratings for intellectual,

social and activity interests in groups of children numbering twenty-

one to seventy-eight. The average corrected correlations were .65,

.50 and .31, respectively, between intellectual, social and activity

interests ratings. Besides indicating a fair degree of validity, these

results suggest that either the interest test or the teachers' ratings

(probably the latter) select most effectively children with intellec-

tual, i.e., academic or school, interests.

The correlations of intellectual, social and activity interests and

school achievement as measured by the Stanford Achievement Test

were .63, .50 and .40, respectively, in a group of eighty-one sixth-

and seventh-grade pupils. When the variability due to differences in

intelligence scores was held constant, these correlations become .49,

.18 and .03, showing the relatively much greater importance of

intellectual interest in school work.

Nearly all investigators agree in finding little correlation between

personality measures and general intelligence test scores. Hoitsma

(30) reports zero or close to zero correlation between the Colgate
Bl (early form of B2) Test and general intelligence and scholar-

ship. Flemming (16) obtained r's between the Thorndike Intelli-

gence Test and the Woodworth P.D. Sheet, the Colgate B2 and the

Pressey X-0 of .01, .004 and .07, respectively, in a group of

approximately 300 freshmen. Conklin (12) obtained a correlation

between general intelligence and introversion of .05 in a group of

159 college students. Thurstone (68) obtained a correlation of .03

between his Personality Schedule and general intelligence in a

group of 694 college students.
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OBJECTIVE TESTS OF PERSONALITY AND CHARACTER

In this section several representative objective tests, designed to

measure personality and character, will be described, and a sum-

mary given of the extensive battery of tests developed by the Char-

acter Educational Inquiry (C.E.I.) under the direction of Harts-

horne and May and their collaborators. These latter tests furnish per-

haps the best illustration of the construction and use of objective tests

in the study of character, ethical and moral attitudes. Other earlier

and ingenious objective tests in the same field have been devised by
Raubenheimer (47) and Voelker (70).

Objective personality tests differ from questionnaires and rating

scales in that they set before the subject tasks "which are scored in

terms of amount done, or time taken to complete. In some instances,

to be sure, the classification of a measure as a questionnaire or as

a test is largely a matter of convenience. The terms are often used

interchangeably, and there is in many cases little real distinction

between the two types of measurement. The following paragraphs
will present a summary of several types of personality tests. Follow-

ing this, an evaluation of the validity and use of these measures will

be attempted.

L PERSONALITY TESTS

1. Ethical Discrimination Test, by S. C. Kohs
Date: 1922.

Publisher: The C. H. Stoelting Company, Chicago, Illinois.

Purpose: To measure knowledge of ethical and moral principles.

Designed for: Children and adolescents; may be used with adults.

Contents: This test contains six "exercises" or sub-tests, as follows:

Exercise 1. Social relations.

Exercise 2. Moral judgment.
Exercise 3. Proverbs.

Exercise 4. Definition of moral terms.

Exercise 5. Offense evaluation.

Exercise 6. Moral problems.

Scoring: The score on each test is number right divided by number

attempted, except in exercise 4, where the score is number right over

45. Final score is sum of separate scores.

Norms: Average scores based upon approximately 100 cases are given

in the Manual for ages six to seventeen. Also a tentative classification

of individuals according lo score, into moral imbecile, moral deficient,

inadequate, sub-average and so forth, is provided.
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Reliability: No data reported.

Reference: KOHS, S. C., "Ethical Discrimination Test," Journal

Delinquency, 7:1-15, 1922.

2. Group Will-Temperament Tests, by June Downey (an individual

form of this test is also published)
Date: 1922.

Publisher: World Book Company, Yonkers, New York.

Purpose: To evaluate certain temperamental traits in individuals through
a study of simple motor reactions, usually handwriting.

Designed for: Children and adults.

Contents: A series of twelve tests, arranged into three groups, or pat-

terns, of four tests each. The separate tests require the subject to mark

that one of a series of pairs of contrasted adjectives which best describes

himself, to write as rapidly or as slowly as possible, to practice copying
a model, to write with eyes closed, to write under forms of distraction,

etc.

Scoring: Detailed directions for scoring (with illustrations) are given
in the Manual. By means of tables all scores may be expressed upon a

scale which runs from 1 to 10. A profile or graphic representation of

his scores gives the individual's rank in the various traits. According
to the author, high scores in the first four tests classify a person as of

the "explosive, hair-trigger" type, high scores in the second four tests

as willful and aggressive; and high scores in the last four tests as slow,

accurate and tenacious.

Norms: A subject's relative position in the various traits is given on his

profile.

Reliability: .60 for the whole scale, individual reliability coefficients

ranging from .30 to .80, roughly. These reliability correlations are

averages based upon retests made after a one-day interval. The groups
tested were 149 normal school women, forty-two high-school boys, and

thirty-seven high-school girls (15) . Ruch and Del Manzo (50) give .38

as the reliability of the whole test in a group of 146 high-school students.

3. Social Intelligence Tests (Revised Form) by F. A. Moss, T. Hunt and
K. T. Omwake

Date: 1927.

Publisher: Center for Psychological Service, Washington, D. C.

Purpose: To measure a person's "social intelligence, defined as ability

to deal with people."

Designed for: Adults and adolescents.

Contents: Five tests described as follows:

(1) Judgment in social situations.

(2) Recognition of the mental state of the speaker.

(3) Observation of human behavior.

(4) Memory for names and faces.

(5) Sense of humor.
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Scoring: The final score is the sum of the points earned on the five sepa-
rate tests. Directions for scoring accompany the test.

Norms: Percentile norms for college freshmen and upper classmen are

given, based on approximately 2,000 cases.

Reliability: .89 (retest) for 100 sophomores; .88 (split-half) for 129

college students. These reliability coefficients are for the 1925 edition of

the test.

Reference: HUNT, T., "The Measurement of Social Intelligence," Journal

Applied Psychology, 12:317-334, 1928.

4. Suggestibility Test for Children, by Margaret Otis

Date: 1924.

Publisher: The C. H. Stoelting Company, Chicago, Illinois.

Purpose: To study "ability to resist suggestion" in children, by means
of a group paper-and-pencil test.

Designed for: Elementary and high-school children, primarily.
Contents: Two forms, A and B, each form containing forty simple tasks.

Twenty questions in each form are worded so as to suggest a certain

response, the suggestion being sometimes diiect, and sometimes indirect.

These test items are alternated with twenty simple directions items, the

idea being to conceal the purpose of the test. The test is labeled "Direc-

tions Test."

Scoring: Each successful resistance, i.e., refusal to accept a suggestion
or implied response, is scored 5; a perfect score is 20 times 5, or 100.

Scoring keys and directions are provided.
Norms: Distributions of suggestibility scores by grade, by M.A. and

by C.A. are provided.

Reliability: .58 (Form A against Form B), N == 831 elementary school

children.

Reference: OTIS, MARGARET, "A Study of Suggestibility of Children,"

Archives Psychology, 70, 1924.

II. CHARACTER EDUCATION INQUIRY TESTS

This extensive battery of tests may be conveniently classified un-

der several sub-heads in accordance with the general character of the

behavior studied. The first group of tests, those designed to measure

honesty and trustworthiness, will be presented in some detail; the

other batteries will be described in a more cursory fashion. For a

detailed description of the individual tests, the reader is referred

to the references given below.

1. Tests of Honesty and Trustworthiness, by Hugh Hartshorne and

Mark May
Date: 1928.

Publisher: Association Press, 347 Madison Avenue, New York City.

Purpose: To devise tests for discovering (a) the incidence and degree
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of cheating, stealing and lying in various groups of children; and (b)

the relation of these forms of behavior to such variables as age, sex,

intelligence, religious instruction and various personality measures.

Contents: The tests of honesty may be classified into nine groups, as

follows:

(1) I.E.R. (Institute of Educational Research) Tests.

There are four tests in this group: Arithmetic; Sentence Comple-
tion; Information; and Word Knowledge. Each of these tests

has two forms which were experimentally equated in difficulty.

Both forms of each test were given to experimental groups, the

first form under conditions which did not permit of cheating,
the second form under conditions in which cheating could easily
take place. The cheating situation was arranged by allowing each

pupil to score his own paper by means of an answer key. In

order to provide comparisons, the same two forms of each test

were then given to various control groups, under conditions

wherein cheating was impossible. This procedure allowed E to

estimate statistically how much variation in score from the first

to the second testing- might occur under honest conditions. If the

difference between the scores in the experimental groups from
the first to the second testing exceeded the normal variation to be

expected (as determined by results from the control groups),
cheating presumably occurred. This procedure is known as the
"double testing technique"

(2) Speed Tests.

There were six tests in this group, classified as follows:

(1) Addition of one- and two-digit combinations.

(2) Number-checking tests.

(3) "A" cancellation test.

(4) Digit-symbol substitution test

(5) Dot in square test.

(6) Digit-cancellation test.

These tests were given twice under honest conditions, one min-
ute being allowed for each trial of each test. On the third trial,
each child was allowed to score his own paper. Those inclined
to be dishonest could easily add on more items to their papers,
thereby increasing their scores unfairly. The probability of an
unfair increase was determined by comparing the tests per-
formed under honest and under cheating conditions.

(3) Coordination Tests.

The coordination tests consisted of three tracing tests, a squares
and circles test, and a maze test (for detailed description see

[26]). The subjects were instructed to perform specified tasks
with their eyes closed. If a child peeped, in this way improving
his score beyond the limits of probable achievement (these lim-
its were determined by control groups), he.was scored as hav-



THE MEASUREMENT OF PERSONALITY 155

ing cheated. This method is called "the improbable achievement

technique."

(4) Puzzle Tests.

There were three puzzle tests. These devices, while appearing
simple, were really quite difficult. A subject was scored as having
cheated if he faked the solution of a puzzle. This is again the

method of improbable achievement.

(5) Lying Tests.

Two tests were constructed to reveal deception by lying. The
first was given a week or more after the I.E.R. tests and con-

sisted of a number of questions, some of which asked directly
if the subject had cheated on the I.E.R. tests. The tiuth or falsity
of the child's reply could be checked against his actual record.

This test was called "lying to escape disapproval." The second
test of lying consisted of two forms of thirty-six questions each.

These questions covered a variety of specific acts, which, al-

though they have widespread social approval, are rarely actually

performed. Samples are:

12. Do you always smile when things go wrong? Yes No
19. Do you always obey your parents cheerfully and

promptly? Yes No
27. Do you go lo church and Sunday School every Sunday?

Yes No
32. Do you usually correct other children when you hear

them using bad language? Yes No
Children who made scores in the conventionally correct direc-

tion, beyond certain standards set by an adult group of gradu-
ate students who answered the questions in the way which they
felt truly represented their childhood, were adjudged to have

lied to gain approval.

(6) Home Work Tests.

One form of the I.E.R. word-knowledge test was handed to each

child with the request that he fill it out at home and bring it

in next day. Children were told twice not to get any help, either

from the dictionary or from another person. Scores on this home
test were compared with the scores made on the equivalent form

of the test given in school under honest conditions. Cheating
was judged to have occurred when the difference between these

two scores was greater than the normal variation to be expected
on a retcst.

(7) Athletic Contests.

In the Athletic Contests four measures of physical ability were

employed: the dynamometer; the spirometer; the chinning or

pull-up test; and the standing broad jump. Motivation was se-

cured by offering an attractive badge designating a boy, say, as
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"grip-champion," or a ribbon designating a girl as "pull-up

champion," of a particular grade. The factor of social inhibi-

tion, that is, unwillingness to compete against a group, was
eliminated to a large degree by making the tests entirely indi-

vidual. Each child was allowed three trials of a test, the best

one out of the three being noted mentally by the examiner with-

out the child's knowledge. The children were then encouraged
to make five additional trials. These were done without any
supervision, each child recording his own results, and reporting
them later to the examiner. Since the practice effect in these

physical tests is almost nil, and the fatigue effect considerable,
it is highly improbable that a child will report a better record

as a result of additional trials. Hence, any reported gain over

and above an established normal variation was considered evi-

dence of deception.

(8) Parties Tests.

In the Parties Tests various parlor games, popular with chil-

dren, e.g., pinning the tail on a donkey, bean relay race, etc.,

were utilized Cheating can easily occur in these games. If the

child took unfair advantage, or reported results falsely, he was
scored as having deceived.

(9) Money-taking Tests.

The purpose of these three tests was to see if a child would steal

a small amount of money if given the opportunity without any
apparent danger of detection. These tests, which are quite in-

genious, are described in detail in (26) .

Norms: The number and percentage of children who were deceptive are

given for all tests and for various groups from the fouith grade through
the high school in HARTSHORNE, H., AND MAY, M., Studies in Deceit,
Book 2, chapter 4, 1928.

Reliabilities: Reliability coefficients are reported for all tests except the
Parties and the Money-taking Tests. Results may be summarized (26)
as follows:

r

(1) Reliability of I.E.R. tests

(Arith., Sen. Comp., Infoim.) .86

(2) Reliability of Home Test

(Word knowledge) .24

(3) Reliability of Speed Battery
(Six tests) .83

(4) Reliability, physical ability tests (bat-

tery of four) ^77

(5) Reliability, three coordination tests .72

(6) Reliability, three puzzle tests .75

(7) Reliability, lying tests .84
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2. Other C.E.I. Tests

(1) Tests of Cooperation (27).
This group consists of five tests designed to measure cooperation
and helpfulness. In a general way the plan was to measure the

relative efficiency of children when working on a group project
and when working for personal benefit.

(2) Tests of Inhibition (27) .

These tests, six in number, were designed to measure a person's

ability to exercise self-control while working at a monotonous
task. Self-control, or inhibition, was measured by the subject's

ability to resist the distraction of interesting pictures and reading

material, and to postpone the desire to manipulate interesting play-

things and puzzles until the assigned task was accomplished.
(3) Tests of Persistence (27).

These tests were attempts to measure the willingness to persist in

work of an uninteresting sort when the subject was permitted to

stop whenever he liked. The tasks required thai the child read a

story in which words were presented without spacing, or to keep on

trying to solve difficult puzzles. All of the tasks demanded a high

degree of attention and effort. The child was motivated in two ways
to persist in his efforts: first, to improve his own score, secondly,
to improve the record of his class.

(4) Tests of Moral Knowledge and Attitudes (28) .

This group of twelve tests may be classified into four groups

according to the nature of the task set, as follows:

(a) Comprehension. Situations presenting problems were de-

scribed, each suggesting four solutions. The child was re-

quired to indicate what in his opinion were the most sensible,

the most helpful and the most useful alternative solutions.

(b) Information. Tests of knowledge of words having moral

significance; knowledge of the differences between lying,

stealing and cheating; foresight of consequences; cause and

effect relations.

(c) Opinions. These tests had to do with duties, principles, and

the importance of consequences.

(d) Attitudes. These tests were concerned with attitudes toward

misconduct, and generalizations about moral conduct.

THE VALIDITY AND USE OF PERSONALITY AND CHARACTER TESTS

One of the greatest obstacles which the investigator encounters

in trying to validate an objective personality test is the difficulty of

securing independent measures of the traits to be studied. The

Downey Will-Temperament Test furnishes a good example of what

is meant. Several attempts have been made to validate the will-
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temperament tests by computing the correlation between test scores

and ratings of the same qualities ostensibly measured by these tests.

Meier (41) calculated the correlation between scores on the twelve

separate traits measured by the Downey Will-Temperament Test

(individual form) made by 106 high-school students, and ratings

for the same traits made upon individuals in this group by at least

three judges, e.g., teachers, parents or friends. The amount of agree-

ment between ratings and scores was extremely low, the average

correlation being .12. The highest r, viz., .24, was between ratings

and scores for motor inhibition. Ruch and Del Manzo (50) computed
r's between scores made on the twelve traits presumably measured

by the Will-Temperament Test and ratings by three to four teachers

upon a specially selected group of twenty-eight high-school students.

These subjects were selected from a larger group of 146, and rep-

resent, in equal proportions, the two extremes of the group when

rated for "will power." If there is any relationship between will-

temperament scores and ratings it would seem certain to appear in

a group selected to show marked contrasts in "will." Actually, how-

ever, the average r between ratings and scores was .15, the separate
r's ranging from .53 to .29.

The lack of correlation between ratings and scores on the Will-

Temperament Test results in part, at least, from the unreliability of

the criterion ratings. It is very difficult to rate children on the traits

presumably measured by the will-temperament tests. Such charac-

teristics as flexibility, motor impulsion, interest in detail, and voli-

tional perseveration, are difficult to define as well as to measure, and

there is probably little understanding by the individual rater of

what such general terms mean. Again, the function utilized by the

will-temperament tests, i.e., handwriting, is extremely narrow, so

that test scores and ratings are probably estimates of very different

abilities. The highest r's between ratings and scores (49) are for

those tests involving speed of movement the most objective of the

will-temperament tests.

Other attempts at validating the will-temperament tests have been

through the intercorrelations of the tests themselves, and through a

study of individual profiles. High intercorrelations indicate that the

members of a test battery are presumably measuring some common
trait or traits. Again, if a man's profile identifies him as belonging
to the slow, accurate, tenacious "type" and his friends agree upon
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this description, the test is, for this case at least, valid. Unfortu-

nately, the intercorrelations of the Downey Will-Temperament Test

have not been high. Ruch and Del Manzo (50) report the average
intercorrelation of the four tests designed to measure the "explosive,

hair-trigger type" to be .22; of the four tests to measure the "will-

ful, aggressive type," .06; of the four tests designed to measure

the "slow, tenacious type," .07. The subjects were 146 high-school
students. Uhrbrock (69) reports many correlations between various

groupings of the Will-Temperament Test. All of these are low, how-

ever, none being above .60, and several being zero or negative.

Downey (14) has employed the case study method of validation, in

which judges were requested to identify the profiles of persons
known to them. Several rather striking successes were recorded, but

the percentage of successes is by no means high, and the validity

of the Downey Will-Temperament Test is hardly established by this

method. On the whole, we must conclude that the Downey Will-

Temperament Test is not, at present, a satisfactory measure of any

clearly defined personality traits. Much further experimental work

with this test is necessary before it can be used with assurance.

The George Washington University Social Intelligence Test rep-

resents an attempt to use the general intelligence test technique to

measure a person's knowledge of social amenities, his interests in

people, and his insight into social situations. The test suffers from

the fact that it is of the paper-and-pencil type, and that the situations

which it sets up are hypothetical instead of actual. It is a matter of

observation that social behavior is to a large extent a matter of habit;

a person may know the correct thing to do, and still not act in accord-

ance with his expressed or written decisions. Correlations computed
with general intelligence tests indicate that the George Washington

Social Intelligence Test is to a fair degree a measure of abstract

intelligence. Hunt (34) reports a correlation of .54 between the

George Washington University Mental Alertness Test and the Social

Intelligence Examination, in a group of 243 college freshmen. Gar-

rctl and Kellogg (23) obtained a correlation of .42 between the

Thorndike Intelligence Test and the Social Intelligence Test in a

group of 118 freshmen. Hunt reports correlations of .22 between

the O'Rourke Mechanical Aptitudes Test and Social Intelligence in

a group of 130 high-school pupils, and an r of .11 between the
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McQuarrie Mechanical Ingenuity Test and Social Intelligence, in a

group of 176 college students.

Hunt has attempted to validate the social intelligence test by

studying the scores for social intelligence in relation to the student's

extracurricular activities. The assumption is that a large number of

outside activities will indicate a high degree of social intelligence.

For a group of 262 freshmen, taking full-time work, the median

social intelligence test score in relation to activities was:

Average Social

Intelligence

4 or more activities 116
3 activities 112
2 activities 110

1 activity 105
activities 99

No measure is given of the reliability of the differences between

these groups, but the trend indicates that the more "social-minded"

students (as measured by the test) tend on the whole to engage in

more outside activities. It seems clear that the George Washington
Social Intelligence Test measures aspects of behavior which are

neither strictly abstract nor mechanical, but which are related, at

least, to social adaptability. More work is necessary, however, before

the function measured by the test can be specifically designated
"social intelligence."

The Kohs Ethical Discrimination Test (p. 151) has not been vali-

dated by correlation with other measures. Since this test involves

reading and language comprehension to a considerable degree, it

is probably as much a test of ethical knowledge or ethical vocabu-

lary, or of docility and agreement with conventional moral standards,

as it is of ethical behavior. It is doubtless true, however, that con-

siderable insight might be had into a child's attitudes toward conduct

and his concepts of right and wrong behavior from his test score.

In the construction of their tests for measuring character traits,

Hartshorne and May have given especial attention to the question
of validity (26) . It has been pointed out by these authors that the

first step in securing a valid test is to make a detailed analysis of

the behavior which one wishes to measure. The next step, of course,
is to devise test material or test situations which will adequately

sample the field of one's interest. This type of validation has been

previously discussed in connection with questionnaires (p. 244).
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The validation of a completed character test is discussed by Harts-

horne and May from two points of view, that of (1) empirical valid-

ity, and (2) theoretical validity. Empirical validity is the usual

method employed in mental tests; it refers to the correlation of a

given test with other objective measures (external criteria) of the

behavior studied. Ratings by teachers was the first criterion used by
Hartshorne and May. For example, 480 children in Grades 5 to 8
were rated for honesty on an eleven-point scale by their teachers,

and these ratings were correlated with cheating scores made on the

tests. When the correlations between ratings and scores were cor-

rected for attenuation, and all rating scales discarded on which only
one or two steps were used, the correlation of ratings for honesty
and honesty scores made in classroom tests was approximately .40.

This validity correlation is but slightly less than the correlation of

.50 between general intelligence test scores and ratings for intelli-

gence in the same group. Neither of these figures, to be sure, is par-

ticularly high, but both are fairly adequate considering the imper-
fect nature of the criteria. To attempt to validate one set of

inadequate measures against another set just as inadequate is really

going in a circle. About all that one can say with assurance is that

both the tests and the ratings are recognizing and measuring to a fair

degree the same kind of behavior.

Two other empirical methods were used by Hartshorne and May
in evaluating their honesty test, viz., validation by records, and vali-

dation by confession. To illustrate the first, in one private school

of 146 pupils, records were kept of whether a child was above or

below average in honesty, as well as in other desirable forms of

conduct. Of the seven pupils noted as below average in honesty, three

cheated on the I.E.R. tests; while of the 139 marked above average,

only 18 per cent, cheated. This result suggests that the tests were

getting at the same kind of dishonest behavior noted in the records.

In validation by confession, the fact of whether or not a child cheated

on a test was checked against a questionnaire given afterward, in

which ihe child was asked directly whether he had gotten help, and

whether he regarded such action as dishonest. In a population of

2,141 children, 44 per cent, were apparently dishonest used a key

unfairly, or got help at home. Of this group, 89 per cent, answered

the question about getting aid unfairly, 82 per cent, agreeing that

to copy from a key was cheating. Of the 56 per cent, not cheating
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or at least not detected 93 per cent, answered the question about

getting aid unfairly, all saying that such practice was dishonest.

Assuming that these answers reflect the pupils' real opinions, Harts-

horne and May comment that "In about 90 per cent, of the subjects

measured, the scores represent not only the fact of deception, or

falsification, but also the attitude of deception, or the feeling that

the act is a genuine act of cheating."

Empirical validity is not wholly satisfactory, because the criteria

which we set up are never entirely adequate. For this reason, Harts-

home and May calculated what they called the "theoretical validity"

of their tests (26 [140-144] )
. This is defined as the degree to which

a battery of tests truly represents the results to be expected from a

very large number of measured determinations of the behavior, viz.,

from an infinite number of tests of the same sort. The problem is

largely a statistical and technical one, and the reader is referred to

May's discussion of the topic (26 [118-129]). An example of the

method will suffice for purposes of illustration. In four tests designed

to reveal classroom dishonesty (e.g., I.E.R., Speed, Coordination, and

Puzzles) the average intercorrelation was found to be .39. The cor-

relation of these four tests taken together, with four equally good

tests, will be .72 by the Spearman-Brown prophecy formula (22),
and this r may be taken as the reliability coefficient of the battery

as a whole. The correlation of this battery with "true" measures of

itself (22) (theoretical "true" criterion) is now found by taking
the square root of the reliability coefficient, i.e., -\/~72^ This gives
.85 as the theoretical validity of the battery of how well it rep-
resents an infinite number of similar measures of the behavior in

question. Other illustrations of this concept of theoretical validity
and of its use in the evaluation of a test battery may be found in

Hartshorne and May's work (27, 28).
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CHAPTER IV

TESTS IN SPECIAL FIELDS

IN RECENT years there has been developed an increasing number of

tests designed to measure aptitude in various special fields. Many
of these tests have proved to be exceedingly valuable in discovering
the extent of an individual's special "gifts," as well as in predicting
his probable success in a vocation wherein certain definite prepara-
tion is demanded. To treat fully all of the tests constructed for a

specific purpose, or planned to meet some definite vocational need,

is a task beyond the limits of this chapter. And in any event it would
be unnecessary, as several groups of such tests have been fully de-

scribed elsewhere. For example, trade tests, which are usually work

samples or vocational miniatures, have been discussed by Toops

(20) and by Chapman (2); and the construction of test batteries

planned to measure vocational aptitudes has been carefully outlined

by Hull (8). In Chapter II we have described tests of mechanical

ability, and in Chapter ///, methods of measuring personality and

character traits.

For the purposes of this chapter we have divided tests in special

fields into two groups. In the first group are those tests designed to

estimate ability in the special and well-defined fields of art and

music. In the second group are tests concerned specifically with an
r

individual's preparation for, and probable success in, some voca-

tion, such as medicine, law or clerical work. Our first group of tests

is probably measuring native endowment to a greater degree than the

second, in which training, developed interests and environmental in-

fluences admittedly loom large. However, there is certainly much

overlapping between the two groups and any clear-cut distinction in

terms of heredity or environment is unwarranted.

In the following sections representative groups of tests selected

from various special fields will be described, and the validity of

such batteries will be considered. Some typical results obtained with

such tests will be found in Chapter V.
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REPRESENTATIVE TESTS IN SPECIAL FIELDS

Music

1. Measures of Musical Talent, by Carl E. Seashore

Date: 1919.

Publisher: The C. H. Stocking Company, Chicago; also Columbia Pho-

nograph Company, Education Department, New York, New York.

Designed for: Grades 5 to 8, and adults.

Contents: Six double-disk records which can be played on any standard

phonograph. Records are measures of

( 1 ) Pitch discrimination

(2) Intensity

(3) Time

(4) Consonance

(5) Tonal memory
(6) Rhythm.

Scoring: Per cent, correct of total responses. Relative attainment may
be studied by means of graphs.
Norjns: Percentile tables are given in Manual for Grade 5, Grade 8,

and for adults.

Reliability: For different parts of the test, reliabilities vary from .35

(consonance) to .70 (pitch) , N = 100. Reliability coefficients will de-

pend greatly upon the age and training of subjects, as well as upon the

training of the examiner.

2. Music Test, by H. E. Hutchinson and L. W. Pressey
Date: 1924.

Publisher: Public School Publishing Company, Bloomington, Illinois.

Designed for: Grades 7 to 12.

Contents: This is a test of ability to read music silently, and to recog-
nize musical scores from known songs and operas. There are six groups
of musical selections. Groups 1 to 5 consist of four and Group 6 of

five musical lines from different compositions. After a trial series, the

child is required to mark each musical line by a number which desig-
nates his choice. Eight to ten titles are given from which selection is

to be made.

Scoring: Total number of correct responses, maximum score being

twenty-five.

Norms: Tentative norms (medians) for Grades 7, 8, 9, 10, 11, 12 are

given in the Manual.

Reliability: Not reported.

3. Sight-Singing Test, by E. K. Hillbrand

Date: 1923.

Publisher: World Book Company, Yonkers, New York.

Designed for: Grades 4, 5, 6.

Contents: This is an individual test designed to measure the child's abil-
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ity in the oral sight-reading of vocal music. There are six simple musical

selections (words and music) which the pupil is instructed to sing.

Scoring: Various kinds of errors are noted and recorded by the experi-

menter, viz.:

(1) Notes wrongly pitched

(2) Transpositions

(3) Flatting

(4) Sharping
(5) Omission of notes

(6) Errors in time.

In addition the following irregularities, viz.:

(7) Extra notes

(8) Repetitions

(9) Hesitations

are noted but not counted as errors.

Norms: Tentative grade norms in terms of errors are given in Manual.

Reliability: Not reported.

Test of Music Information and Appreciation, by J. Kwalwasser
Date: 1927.

Publisher: Bureau of Educational Research and Service, University of

Iowa, Iowa City, Iowa.

Designed for: High school and college.
Contents: Three parts as follows:

I. History and Biography
(1) Classification of artists

(2) Nationality of composers

(3) Composers of famous compositions

(4) Classification of composers by types of compositions

(5) General knowledge of composers and compositions
II. Instrumentation

(1) Production of tones on orchestral instruments

(2) Classification of orchestral instruments

(3) General knowledge of instrumentation

III. Musical Form

(1) General knowledge of music structure and form.

Scoring: Total scores translated into percentiles.

Norms: Not given.

Reliability: .70 to .72 (N not given) .

Test of Musical Accomplishment, by J. Kwalwasser and G. M. Ruch
Date: 1924, revised 1927.

Publisher: University of Iowa, Iowa City, Iowa.

Designed for: Grades 4 to 12.

Contents: This test has ten parts:

(1) Knowledge of musical symbols and terms

(2) Recognition of syllable names
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(3) Detection of pitch errors in a familiar melody
(4) Detection of time errors in a familiar melody
(5) Recognition of pitch names

(6) Knowledge of time signatures

(7) Knowledge of key signatures

(8) Knowledge of note values

(9) Knowledge of rest values

(10) Recognition of familiar melodies from notation.

Scoring: Number right. Each exercise is weighted on a scale of 1 to 5.

Total score is sum of scores on all of the exercises.

Norms: Average total scores are given for Grades 4 to 12. Decile scores

are given in Manual.

Reliability .97 (split-half), N = 167 pupils in Grades 6, 8, 10, 12. The
reliabilities of the sub-tests in the same group range from .70 to .97.

ART

1. Art Judgment Test, by Norman C. Meier and Carl E. Seashore

Date: 1929.

Publisher: Bureau of Educational Research and Service, University of

Iowa, Iowa City, Iowa.

Designed for: High schools and art schools.

Contents: This test consists of a book containing 125 pages of pictures.

These pictures are printed in phototone and resemble etchings. They
are arranged in pairs, the two pictures in each pair being alike except
in one respect. S is told in what respect the two pictures differ, and is

instructed to decide which is the better of the two (more pleasing, more

artistic, more satisfying). If the left-hand picture is preferred, L ie

circled; if the right-hand, R is circled.

Scoring: The number right out of 125 comparisons determines the score.

Scoring is done by means of a stencil.

Norms: Percentile norms have been established for Grades 7, 8, 9, 10,

11 and 12 based upon 1,850 students. Qualitative descriptions are given,

also, for scores falling within each quarter of the distribution.

Reliability: .71 (repetition) for sixty-nine undergraduates; .71 (split-

half) for 100 intermediate art students and high-school students; and

.85 (split-half) in another group of seventy-seven art and high-school
students.

2. Art Test, by Margaret McAdory
Date: 1929.

Publisher: Bureau of Publications, Teachers College, Columbia Uni-

versity, New York.

Designed for: Elementary and high school pupils and for adults.

Contents: These tests consist of seventy-two plates, in black and white,

and in color. Each plate presents four illustrations of the same subject

(designated A, B, C and D) treated in slightly different ways. The illus-
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trations deal with articles of furniture, utensils, textiles and clothing,

architecture, painting and other graphic arts, portraits, etc.

Scoring: S is required to indicate his first, second, third and fourth

choices. Total number of correct judgments (out of a total of 288)

gives the score. This score may be expressed as a percentage. An analy-
sis is also made of S's judgment with respect to the various kinds of sub-

jects treated in the illustrations.

Norms: Means for sixth grade, college freshmen, college seniors, com-

petent critics, N = 100 in each case. Norms are tentative and are based

upon the test in its experimental form.

Reliability: .93 (split-half), N = 100 adults; .80, N = 100 sixth-grade
children.

Reference: McADORY, M., The Construction and Validation of an Ait

Test, Teachers College, Columbia University, Contributions to Educa-

tion, 383, 1929.

Test in. Fundamental Abilities of Visual Art, by A. S. Lewerenz
Date: 1927.

Publisher: Southern California Book Depository, Los Angeles, Cali-

fornia.

Designed for: Third grade to college level.

Contents: This lest consists of nine separate tests arranged in three

groups as follows:

Part I

(1) Recognition of proportion

(2) Originality of line drawing
Part II

(3) Observation of light and shade

(4) Knowledge of subject matter

(5) Visual memory of proportion
Pait III

(6) Analysis of problems in cylindrical perspective

(7) Analysis of problems in parallel perspective

(8) Analysis of problems in angular perspective

(9) Recognition of color.

Scoring: Total number correct.

Norms: For Grades 3 to 12, based upon 1,100 pupils.

Reliability: .87 (relest), N = 100 pupils in Grades 3 to 9.

COMMERCIAL AND VOCATIONAL APTITUDE

Bookkeeping Test, by Fayette H. Elwell and John Guy Fowlkes

Date: 1928.

PublisJier: World Book Company, Yonkers, New York.

Purpose: "To furnish a reliable, valid, and comparable measure of

achievement in bookkeeping for use in high schools and business col-

leges."
Contents: This lest consists of nine parts and covers the five main di-
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visions of bookkeeping, viz.: general theory, journalizing, classification,

adjusting entries and closing the ledger, and statements. There are two

tests, each consisting of two forms, A and B.

Scoring: Score is number right in all parts but five and nine, where

number right is divided by two. Total score is the sum of separate parts.

Norms: Means and S.D.'s for Tests 1 and 2 are supplied, based in each

instance upon approximately 250 cases. The subjects were high-school

students. Percentile distributions for the same groups are also given.

Reliability: For Test 1, the reliability coefficient is .82 (N = 256) ; for

Test 2, .87 (N = 226). The subjects were high-school students.

2. Clothing Test, by Florence D. Frear and Warren W. Coxe
Date: 1929.

Publisher: Public School Publishing Company, Bloomington, Illinois.

Purpose: To measure the knowledge of clothing possessed by high-

school girls who are taking or have completed courses in elementary

dressmaking.
Contents: There are five parts to the test as follows:

Part I. Fundamentals of construction

Part II. Care and repair of clothing

Part III. Hygiene of clothing

Part IV. Appropriateness of clothing

Part V. Economics of clothing.

Scoring: Each sub-test is scored by means of a scoring key, the scores

from the individual tests being summed to give the final score.

Norms: Norms in terms of total score (medians) are given for one, two

and three semesters of work in dressmaking. N is not stated.

Reliability: Not reported.

3. Examination in Clerical Work, by L. L. Thurstone

Date: 1922.

Publisher: World Book Company, Yonkers, New York.

Purpose: To measure aptitude for clerical and general office work.

Contents: This is a paper-and-pencil group test which consists of eight

parts, or sub-tests, as follows: (1) checking for arithmetic errors; (2)

locating misspelled words; (3) cancellation; (4) code learning; (5)

alphabetizing, i.e., writing a list of thirty-seven names in ten groups in

a b c order; (6) directions test involving classification of life

insurance policies; (7) arithmetic problems; (8) matching eleven prov-
erbs against eleven other proverbs so that two proverbs in each pair
have the same meaning.

Scoring: Scoring is in terms of errors and time, from which may be
calculated an accuracy rating, a speed rating and a combined speed
and accuracy rating.

Norms: Not given.

Reliability: Not given.
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I. Home Economics Test, by Edna M. Engle and John L. Stenquist
Date: 1931.

Publisher: World Book Company, Yonkers, New York.

Purpose: "To provide an objective measure of a pupil's knowledge in

the several fields of Home Economics."

Designed for: Grades 5 to 10.

Contents: There are three separate tests covering (1) Foods and Cook-

ery, (2) Clothing and Textiles and (3) Household Management. The
first test deals with selection of foods, nutrition, marketing, table serv-

ice and etiquette, planning, preparation and serving of meals. The
second test covers planning and construction of garments, study of tex-

tiles, selection, care and repair of clothing and factors to be consid-

ered in buying clothing. The third test deals with the study, care and

furnishing of the home, budgeting, and family relationships. Each test

consists of four parts, and has two forms, A and B.

SCOT ing: Scores on separate tests are number R, or R W, the correct

answers being given in a key.
Norms: Age and grade norms for each of the three tests are given. Ac-

cording to the authors, norms are 'based upon 15,000 cases for Foods
and Cookery, and for Clothing and Textiles, and 10,000 for Household

Management. Subjects were public school children.

Reliability: Foods and Cookery, .92 to .94 in Grades 5 to 8 (N = 110

to 117) ; Clothing and Textiles, .93 to .96 in Grades 5 to 8 (N = 110

to 149) ; Household Management, .85 Lo .96 in Grades 6 to 8 (N = 103

to 125) .

Stcnogauge Test, by E. J. Benge
Date: 1923.

Publisher: Stenogauge Company, 3136 North 24th Street, Philadelphia,

Pa.

Purpose: To measure aptitude for stenography.

Contents: This test consists of four parts. (1) Dictation: a letter, several

hundred words in length, is dictated to the applicant at the maximum
rate at which he can record it. Time in seconds is noted. (2) Transcrip-

tion rate: time required by candidate to transcribe his notes is recorded

in seconds. (3) Transcription accuracy: a percentage found by dividing

number of words transcribed correctly, by number of words in the letter.

(4) Spelling: applicant is given a list of fifty words, half of which are

incorrectly spelled. He is to check those which are misspelled.

Scoring: Total score is found by adding together the scores on the four

tests: number of words dictated per minute, number of transcriptions

per minute, the percentage of total transcriptions done correctly, and

the percentage of the list of fifty words checked correctly.

Norms: Percenliles based upon approximately 500 cases are given in

the Manual.

Reliability: Not reported.
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Reference: FREYD, MAX, "Selection of Typists and Stenographer: In-

formation on Available Tests," Journal Personnel Research, 5:490-510,
1926-1927.

6. Test for Ability to Sell, by F. A. Moss, Herbert Wyle, Wm. Loman
and Win. Middleton

Date: 1929.

Publisher: Center for Psychological Service, Washington, D. C.

Purpose: To estimate ability to sell merchandise.

Contents: This test is a paper-and-pencil group test. It contains six parts
or sub-tests as follows :

Test 1. Judgment in selling situations

Test 2. Memory for names and faces

Test 3. Observation of behavior

Test 4. Learning selling points in merchandise

Test 5. Following store directions

Test 6. Selling problems.

Scoring: Scoring is in terms of points, the final score being the sum of

the points earned on the separate tests.

Norms: Median scores are supplied for groups of different educational

levels, e.g., seventh grade through college. Average score of the twenty-
five best salespersons in one large department store chain was 112, the

average of the poorest salespersons, 70.5.

Reliability: .91 (N not given).

7. Typewriting Test (Stenographic Proficiency Tests), l>y E. G.

Blackstone

Date: 1923.

Publisher: World Book Company, Yonkers, New York.

Purpose: To measure ability in typewriting.

Contents: A business letter of approximately 200 words to be typed by
the students. There are five forms, in order that the test may be given
at intervals without repetition.

Scoring: Speed and accuracy are combined into the following final

score:

.,
strokes per minute X ]

Score = r-^rz
errors + 10

Norms: Based upon 2,188 cases.

Reliability: .93, on average, for groups of pupils with twenty months'
instruction. P.E. score = 5.8, N = 105.

PROFESSIONAL APTITUDE

1. Law Aptitude Examination, by M. L. Ferson and G. D. Sloddard
Date: 1925, 1927.

Publisher: West Publishing Company, St. Paul, Minnesota.

Purpose; Designed for law students or law school candidates.

Contents: This test consists of four parts or sub-tests. These demand
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accurate recall; comprehension of difficult reading matter; reasoning
by analogy; reasoning by analysis; and skill in pure logic of the syl-

logistic sort.

Scoring The scores in Parts 2 and 3 are number right; in Part 1-B each
correct answer is weighted 2; and in Part 4 each correct answer is

weighted 3.

Norms: Medians, twenty-fifth and seventy-fifth percentiles based upon
results from eight law schools.

Reliability: Not reported.

Reference: PERSON, M. L., AND STODDARD, G. D., "Law Aptitude," Amer-
ican Law School Review, 6:78-81, 1927.

2. Prognosis Test of Teaching Ability, by Warren W. Coxe and Jacob
Sr Orleans

Date: 1930.

Publisher: World Book Company, Yonkers, New York.

Purpose: To aid teacher-training institutions in selecting their applicants.

Contents: This test consists of five parts. Part I: General Information,

including literary, scientific and historical facts. Part II: Professional

Interest; a series of questions on teachers' duties and classroom prac-

tice. Part III: Lessons in Education; comprises eight brief lessons in

educational psychology, educational measurement, principles of teach-

ing, evaluation of objectives, etc. Part IV: Reading Comprehension;
consists of seven reading tests based upon material taken from text-

books in education. Part V: Problems in Education; presents six educa-

tional problems, with questions upon each, designed to test the students*

knowledge and judgment. The authors suggest that in setting up stand-

ards for entrance to normal schools as well as in classifying those

students who enter, the high school record, work habits, and general

intelligence of the student should be considered as well as the more

professional aspects of his training which are measured by the present

lest.

Scoiing: A weighted scoring method, described in the Manual, is em-

ployed.

Norms: A table is given showing the probability of success in teacher

naming (first year) from standing in the Prognosis Test.

Reliability: Not reported.

3. Scholastic Aptitudie Tests for Medical Schools, by F. A, Moss, 0. B.

Hunter and H. F. Hubbard

Date: 1929.

Publisher: Center for Psychological Service, Washington, D. C,

Purpose: To predict probable success in medicine of pre-medical stu-

dents and first-year medical students.

Contents: This is a paper-and-pencil test. It consists of a booklet con-

taining six tests as follows:
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Test 1. Scientific vocabulary
Test 2. Pre-medical information

Test 3. Visual memory
Test 4. Memory for content

Test 5. Comprehension and retention

Test 6. Understanding of printed material.

Scoring: Number of points earned out of a possible total of 250.

Norms: Percentage distributions of school grades made by freshmen

medical students are given for each of the ten deciles of test scores;

also median freshman grades and quartiles for each score decile. To

illustrate, those students whose aptitude test scores placed them in the

highest 10 per cent, had school records as follows: 10 per cent, ninety

or above; 83 per cent., eighty to eighty-nine, and 7 per cent,, seventy-

five to seventy-nine. Results are based upon more than thirty medical

schools.

Reliability: .93 (N not given).

Reference: Moss, F. A., "Scholastic Aptitude Tests for Medical Stu-

dents," Journal Association American Medical Colleges, 5:90-110, 1930.

4. Stanford Educational Aptitude Tests, by M. B. Jensen

Date: 1928.

Publisher: Stanford University Press, Stanford University, California.

Purpose: To offer a comparative estimate of a student's fitness for

teaching, educational research or school administration.

Contents: This test is really a questionnaire, in that it calls for decisions

and opinions based upon judgment and experience in educational work.

There are three parts:

Position preference ratings

Discipline case problems

High school activities.

In each part of the test various problems are presented to which al-

ternative solutions are suggested. Subjects are asked to select one alter-

native and to denote their confidence in this judgment on a four-point
scale.

Scoring: A weighted scoring key is used, the final score on the test as a

whole serving to designate the field in which an individual will probably
do his best work.

Norms: Tables are provided from which the probability of an individ-

ual's success in each of the three fields covered by the test may be

obtained.

Reliability: Differential scores in the battery, i.e., the amount by which
the score in one field exceeds the score in another, have reliability
coefficients from .85 to .94, N = 50 in each case.

Reference: JENSEN, M. B., "Objective Differentiation between Three
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Groups in Education, Teachers, Research Workers, and Administrators,"
Genetic Psychology Monographs, 3:333-454, 1928.

Stanford Scientific Aptitude Test, by D. L. Zyve
Date: 1929.

Publisher: Stanford University Press, Stanford University, California.

Designed for: College students.

Contents: Eleven exercises, questions, problems upon the following
topics:

(1) Experimental bent

(2) Claiity of definition

(3) Suspended vs. snap judgment
(4) Reasoning
(5) Inconsistencies

(6) Fallacies

(7) Induction, deduction and generalization

(8) Caution and thoroughness

(9) Discrimination of values in selecting and arranging experi-
mental data

(10) Accuracy of interpretation

(11) Accuracy of Observation.

Scoies: Each exercise is weighted (weights ranging from 2 to 7). The
method of scoring the separate exercises is given in the Manual. The
final score is total of scores on sub-tests.

Norms. Given for an unselected group of 324 students, and for forty-

seven seniors and graduates of non-scientific groups.

Reliability: .93, estimated for 377 students, fieshmen to graduates.

Vocational Guidance Tests for Engineers, by L. L. Thurstone
Date: 1922.

Publisher: World Book Company, Yonkers, New York.

Purpose: To determine the probable success in an engineering course

of high-school seniors and college freshmen.

Contents: There are five tests in this battery, one in each of the following

subjects: Arithmetic, Algebra, Geometry, Physics, Technical Informa-

tion. The first four tests consist of problems and exercises, some of

which require compass and straight edge. The fifth test contains 100

questions covering general technical information such as a boy in high

school might acquire through his own initiative and interest.

Scoring: Scores on each test are in terms of points earned, answers

being scored R or W.
Norms: Point scores may be translated into percentage ratings from

which a candidate can estimate his relative position among engineering

freshmen. Percentile tables are based upon results from forty-three engi-

neering schools and colleges. A subject may also compare his ratings

on the five tests with the averages made by various engineering colleges.

Reliability: Not reported.
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VALIDITY

1. Music and Art Tests

The validity of many tests in the field of music or art depends

directly upon their methods of construction and upon their stand-

ardization. Aptitude in art or music cannot be measured in the same

way as can performance in arithmetic or in spelling. There are no

objective standards which are "right" or "wrong," and the most

acceptable criterion against which to evaluate aesthetic judgment or

artistic accomplishment is the opinion of acknowledged experts in

the field. Many of the tests described on p. 168 have employed this

"expert opinion" method of validation. Hillbrand's Sight Singing

Test, Hutchinson and Pressey's Music Test, and Kwalwasser's Test

of Music Information and Appreciation, all depend for their validity

upon the acceptability to musical experts of the material which they

include. The authors of the Kwalwasser-Ruch Test of Musical Ac-

complishment drew their material from the recommendations made

by the Music Supervisors' National Conference (16). The "correct"

answers in the McAdory Art Test were determined by a consensus

of 100 competent judges (12), while the material included in the

Lewerenz Test of the Fundamental Abilities in Visual Art was

validated on the basis of ratings made by qualified experts in

art (11). The final 125 drawings in the Meier-Seashore Art Judg-
ment Test (13) were selected from a group of approximately 600

drawings. All of these final test items were appraised by twenty-five

experts for their suitability as test material, as well as for their

acceptability as examples of well-recognized aesthetic principles.

The Seashore Measures of Musical Talent (17) are good illustra-

tions of special ability tests which can be evaluated against objective
standards. The Seashore records are bona fide measures of pitch,

intensity, time, etc., since in the Sense of Pilch Test, for instance, the

second of the two tones presented is physically higher or lower than

the first. In the Sense of Intensity Test, the second of the two in-

tervals is temporally longer or shorter than the first. Only in the

Sense of Consonance Test does validity depend upon the judgment
of musical experts. Several studies have been made of the relation-

ship of the Seashore tests to musical ability as judged by teachers

of music. Brown (1), for example, studied the agreement between
the averages of two ratings for "musical capacity" made by the
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teacher of music upon 105 high-school students, and the records of

these students made on the Seashore tests. The second rating was

taken after an interval of four months. Correlations were low, rang-

ing from .11 (Seashore Intensity and ratings) to .41 (Seashore
Tonal Memory and ratings). The correlation between the ratings and

the whole Seashore hattery of tests was .38. Seashore's tests are

probably much better measures of musical aptitude than the correla-

tions quoted might suggest. The tests do not claim to be anything
more than measures of one's "ear" for music, and besides, criteria

of musical accomplishment are difficult to obtain. Judgments made
of students for musical accomplishment, for instance, will almost

inevitably reflect many factors other than musical aptitude.
The validity of tests of artistic ability may be estimated by their

agreement with outside criteria. Lewerenz (10), for example, gave
his test of Fundamental Abilities of Visual Art to forty-two students

who five months later received grades for work accomplished in art.

The correlation between the test scores and the grades was .63 a

surprisingly high agreement, considering the size of the group and

the probable fallibility of the criterion. Meier and Seashore (13)

have employed several ingenious checks upon the authenticity of

their Art Judgment Test. Test scores made by individuals trained in

art were compared with the scores made by those of little or no

training. This comparison showed progressive increases which paral-

leled closely the amount of training received. These authors stress

the fact that some of the untrained group made scores as high as

those of the most highly trained. This they take to be evidence that

the test does not depend primarily upon training, with the further

implication that artistic ability is a special or native "gift." The rela-

tion of the Art Judgment Test to measures of general intelligence is

low, correlations ranging from .28 to .14 (N varied from 39 to

94). These results plus the fact that university professors, untrained

in art, score appreciably lower than highly trained students of art,

suggest that artistic ability is not merely a matter of abstract

intelligence.

2. Vocational and Professional Aptitude

Illustrative of those vocational tests, the validity of which depends

upon their construction and standardization, are the Blackstone Type-

writing Test, the Elwell-Fowlkes Bookkeeping Test, the Stanford
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Educational Aptitude Test of Jensen, and the Engle-Stenquist Home

Economics Test. The Blackslone Typewriting Test is in reality a work

sample, which, like a trade test, requires that the subject perform
the very activities in which his aptitude is being estimated. The

Elwell-Fowlkes Bookkeeping Test is a consensus of the material

offered in first-year bookkeeping courses (4), while the Engle-

Stenquist Home Economics Test is based upon items selected from

twelve standard textbooks on the subject, and twenty-five courses in

home economics (5).

The validity of lie Stanford Educational Aptitude Tests (9) de-

pends upon the weighting of the items, which, as in the Strong Voca-

tional Interest Blank (p. 143} have different values for different

professional interests. In drawing up his three scales of educational

aptitude, Jensen set up three criterion groups, teachers, research

workers and administrators. The members of these groups were se-

lected by seven well-known educators. The responses of these cri-

terion groups were then employed as standards in determining the

weights to be attached to the items on each scale. If an item was

checked by a relatively greater percentage of the teacher group
than of the research worker or the administrator groups, such an

item was given greater weight on the teacher scale. In the final scales,

one for each of the three groups, items are differentially weighted so

as to make maximum contributions to each scale.

External criteria are more easily procured for vocational tests

than for tests of aesthetic sensibility. This is largely because most of

the examinations designed to assay commercial or professional apti-

tude can be checked against actual performance. ThursLone (18),
for example, has calculated the correlation between his clerical tests

and the ratings for efficiency assigned to 100 clerical workers in a

large insurance office. The correlation between ratings and accuracy
of clerical work was .50; between ratings and speed on the lest .42;
and between ratings and speed and accuracy together .61. When
accuracy and speed on the test were combined with schooling and

chronological age of the workers, the composite had a correlation of

.67 with the ratings.

The Benge Stenogauge Test (7) was employed as one criterion in

the selection of twenty-four individuals for die position of stenog-

rapher, out of a total of 145 applicants. Nine of the twenty-four
chosen were later rated as being excellent workers, twelve as satis-
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factory, and only three as failures. The correlation between ratings
for efficiency and the Benge Stenogauge was .44 (N= 24) ; and the

correlation between ratings assigned by six executives in another

company and the Benge Stenogauge was .89 (N= 15). In terms of

the criteria employed, it appears that these clerical tests are able

to predict success fairly accurately considering the small size of the

groups.

Moss and his collaborators report a wide gap between the scores

made by the best and the poorest salespersons upon their test for

Ability lo Sell (14). Salespersons were evaluated as best and poorest
on the basis of several criteria: amount of sales, number of errors

made, merchandise returned, and combined estimates of buyer, floor

manager and personnel officer. Moss reports a correlation of .54

between the scores on the tests and these ratings for sales efficiency.

Since most tests of professional aptitude have been designed for

use with students planning to enter a given profession, such examina-

tions are really more a method of selecting promising student ma-

terial than of predicting later success in the actual practice of a

profession. Moss in 1930 reported results from his Scholastic Apti-

tude Test for Medical Schools (15), based upon returns from twenty-

two colleges throughout the United States. Freshmen who took the

tests were divided into four equal groups (25 per cent, in each

group) on the basis of their test scores; and each group was later

studied for its success in the first year of the medical course. In the

highest 25 per cent., according to test score, only 1 per cent, failed

in the freshman year, 8 per cent, receiving grades over 90 per cent.

In the next highest quarter, 8 per cent, failed; in the third quarter

16 per cent., and in the lowest quarter 31 per cent. The correlation

between lest scores and first-year grades in medicine was .59, indi-

cating that the test has considerable predictive value.

The Law Aptitude Examination by Ferson and Stoddard and the

Engineering Aptitude Examination of Thurstone have both been

validated against first-year performance in professional schools.

Ferson and Stoddard (6) report a correlation of .55 (N= 395)

between test scores and first-semester grades in three law courses;

and a correlation of .54 between the test and first-year law school

grades in the same group. Thurstone (19) found that the correlation

between his five aptitude tests and first-year scholarship in engineer-

ing ranged from .23 to .42, with an average of ,33. These correla-
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tions are slightly higher than those between high-school grades in

English, geometry, physics, algebra, and chemistry and first-year

engineering grades, which average .30. The samples in these studies

varied slightly around 6,500. In drawing up norms for his tests,

Thurstone found that the probability was 93 in 100 that a student

in the upper 25 per cent, of the test score distribution will remain

in good standing in the engineering school. The probability that a

student in the second quarter of the test score distribution will remain

in good standing is 89 in 100. For a student in the third quarter to

remain in good standing, the probability is 81 in 100; and for a

student in the fourth quarter, 53 in 100.

The Coxe-Orleans Prognostic Test for Teachers has been validated

by a careful choice of material based upon an analysis of the factors

which should be considered in determining entrance standards for

normal schools; and by its agreement with an objective achievement

test (3) . The achievement test was administered in ten normal schools

at the end of the second semester. Its correlation with the prognostic

tests, given upon entrance, ranged from .53 to .84, averaging .65.

These correlations were higher than the correlations between the

achievement criterion and high-school marks which averaged .50;

and about equal to the correlation between the criterion and the

Terman Group Intelligence Test. Another test which has been care-

fully validated is the Stanford Scientific Aptitude Test by D. L.

Zyve (21). The fidelity of this battery as a measure of scientific

aptitude depends, in the first place, upon the validity of its material,

which was selected after a careful analysis of what scientific apti-

tude may be legitimately taken to imply. Secondly, the validity of

the test depends upon the experimental weighting of its component

parts, which has been done in such a way as to favor those indi-

viduals who are known to possess scientific aptitude. The weights of

the different parts of the test were found by comparing the responses
of a group of fifty research students in physics, chemical and elec-

trical engineering (the criterion group), with the responses of 121
students specializing in law, literature and languages. Each exercise

or part of the scientific aptitude test was weighted in accordance with

the relative superiority of the scientific group. The correlation within

the criterion group between scores on the test and ratings made by
professors for scientific aptitude shown in laboratory and classroom
was .74, which was raised to .82 when corrected for attenuation.
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Scores on the Scientific Aptitude Test made by twenty-one science

faculty members were 35 points higher on the average than the scores

made by fourteen non-science faculty members. In a group of forty-
seven seniors and graduate students engaged in non-scientific studies

the correlation between the aptitude test and scholarship was .02, as

against a correlation of .51 between the aptitude test and scholastic

grades in the criterion (scientific) group. These correlations indicate

clearly the greater importance of scientific aptitude (as defined by
the tests) upon achievement in courses in science, than upon achieve-

ment in courses in other academic subjects.
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CHAPTER V

SOME APPLICATIONS OF PSYCHOLOGICAL TESTS

THE aim of the present chapter is to report upon and evaluate some
of the typical investigations carried out through the medium of

psychological tests. Tests and testing techniques have been em-

ployed extensively upon a variety of problems. Comparative
studies of the test scores of twins, siblings and foster children have

thrown considerable light upon the relative degree to which indi-

vidual differences may be thought of as inherited, and the extent to

which they may be dependent upon training. The application of

mental tests to the extremes of the distribution of abilities, i.e., the

"genius" and the "feeble-minded," has led to decided revisions in

the traditional concepts of gifted and defective individuals, and

of their relationship to the general population. A better understand-

ing of the factors contributing to crime and to juvenile delinquency
has also been reached through the use of psychological measurement.

Upon the much-discussed questions of sex differences and racial

differences, a mass of data has been accumulated with almost every

kind of psychological test. In the fields of industry and in business,

tests and measurements have gained widespread use both in the

selection of workers, and in the fitting of daily tasks to individual

differences in temperament and emotional make-up. Education has

offered probably the most fertile field for the application of mental

tests. The value of general intelligence and achievement tests in

schools has already been discussed at some length in Chapter /, and

throughout this book references have been made to the place of tests

in education. In the following sections, therefore, only incidental

references will be made to the applications of tests in this field.

HEREDITY AND ENVIRONMENT

1. Family Resemblances

For showing the relative effects of heredity and environment, a

comparison of sibling
1 and twin resemblances upon the same tests is

1
"Sibling" is a general term for either "brothei" or "sister."

185



186 PSYCHOLOGICAL TESTS

especially fruitful. Thorndike's study (51) in 1905 was the first

quantitative investigation of mental resemblances in twins. Thorn-

dike measured fifty pairs of twins upon six mental tests, mz. 9 can-

cellation (A, a-t and e-r), misspelled words, addition, multiplica-

tion and opposites, comparing the correlation between their scores

with the correlation of siblings on the same tests. The r's for the

twins ranged from .70 to .85 with a mean at .78, while the r's for

the siblings averaged around .30. When the twins were divided into

younger twins (nine to eleven) and older twins (twelve to fourteen)

the average correlation for the younger twins was .83, and for the

older .70. This result indicates that older twins are less alike than

younger twins in the functions measured by the tests. Thorndike

argued that if resemblances between twin-pairs in mental test abilities

are chiefly the result of common training and common environment,

the older twins should have been more alike than the younger, espe-

cially in those traits much influenced by training. Since his results

showed the opposite to be true, he concluded that the chances decid-

edly favor common heredity as the cause of twin resemblance.

Many careful studies of twins have been made since Thorndike's

investigation, with more cases, better technique and more reliable

tests; but the results are not very different from his findings. Merri-

man (36), who administered the Stanford-Binet to 105 pairs of

twins, obtained a correlation of .88 between the scores of like-sex
1

twins from five to nine years of age; and a correlation of .87 for

like-sex twins from ten to fifteen years of age. This consistency in

twin resemblance suggests a strong basis in heredity since, if any-

thing, the correlation might be expected to rise with the increase in

common environmental influences. Lauterbach (33), who gave eight

mental tests to 210 twins, reported an average correlation between

like-sex twins (probably identical) of .67, and between unlike-sex

or non-identical twins of .41. Lauterbach's summary of the results

of his mental and physical tests are given in Table VIII. Note that on

the whole resemblances are higher in physical than in mental traits.

The same differences between non-fraternal and fraternal twins and

1 There are two kinds of twins, identical and non-identical, or non-fraternal and
fraternal. Identical twins are always of the same sex and are probably produced from
the fertilization of a single egg. Non-identical, or frateinal twins, may be of same or

opposite sex, and are really a case of dual births, being a result of the fertilization of

two eggs. Like-sex twins may or may not be identical; unlike-sex twins cannot be
identical.
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TABLE VIII

CORRELATION COEFFICIENTS IN VARIOUS TESTS GIVEN TO TWINS
OF THE SAME AND OPPOSITE SEXES

(from Lauterbach [33])

Test Same Sex Different Sex

I.Q 77 56

Reading Quotient .59 .56

Arithmetic, accuracy .69 35

Arithmetic, speed 70 39

Memory for digits .40 .25

Handwriting, quality .69 .37

Handwriting, speed .83 41

Average .67 .41

Cephalic index .67 .59

Weight. 89 50

Height, standing .80 .53

Height, sitting 73 .59

Average .77 55

between twins and siblings appear in lite study of Tallman (48),
who tested 199 siblings and 159 pairs of twins, ranging in age from

three to twenty, upon the Stanford-Binet. The average difference in

I.Q. was 13.14 points for the siblings; 7.37 points for thirty-nine

pairs of non-identical (fraternal) twins; and 5.08 for sixty-three

pairs of identical (non-fraternal) twins. These studies of twins and

siblings indicate definitely the importance of heredity in test per*

formances. They agree (1) that twins are in general more alike

than siblings; and (2) that identical twins are more alike than

non-identical in tests of mental abilities. It would seem reasonable

to attribute much of the difference between the correlations of twins

and siblings to the more nearly identical inheritance of the twins.

It is extremely difficult to identify in the resemblances shown by

siblings the relative contributions of immediate ancestry (heredity)

and of common training. Thorndike (52) has obtained a correlation

(corrected for attenuation) of .60 between the scores made by a

group of about 1,200 siblings, upon the Institute for Educational

Research Tests of Selective and Relational Thinking, Generalization

and Organization.
1
All of these children were high-school students.

Thorndike suggests that the difference of .08 between his r of .60

and the r of .52 established by Pearson (39) for physical resem-

blances in siblings can be attributed to the equalizing influence of

*A battery of fifteen tests of the type usually found in group tests of general intelli-

gence, e.g., arithmetic, oppositcs, number scries completion, analogies, sentence com-

pletion, and the like.
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the common school environment upon mental test scores. This surmise,

which assigns an extremely meager role to environment, can be ac-

cepted at face value only if one assumes physical and mental

abilities in siblings to be inherited in exactly the same way and

to the same degree. If an r of .52 can be taken to represent the

maximum effect of heredity, then all correlation over and above this

amount would necessarily be due to common environment. A study

by Willoughby (55) makes it doubtful that environment always has

so slight an effect, or that its influence is always in the direction of

a leveling-off of native differences. Willoughby reported an average

correlation of .42 between the scores of 280 siblings, age seven years
and up, upon eleven verbal and non-verbal tests selected from Army
Alpha and Beta, N.I.T., and the Stanford Achievement Test. The

intercorrelations of these tests in his sibling group ranged from .32,

for the Army Beta Test of Geometric Forms, to .50 for the Army
Alpha Number Series Completion Test. On the whole, the verbal

tests gave higher correlations than the non-verbal, but none of the

correlations was as high as the r= .60 obtained by Thorndike,

Part of the discrepancy between these two studies can be fairly

attributed to differences in the susceptibility of the respective tests

to training, as well as to differences in the size and character of the

two groups (age, -social and cultural background, etc.). Variations in

method, and in subjects and material, from study to study, make

generalization difficult. However, Willoughby's data suggest strongly

either (1) that mental abilities are in many cases less closely bound

up in hereditary structure than are physical traits; or else (2) that

environment tends to accentuate as often as to equalize individual

differences in many tested capacities. Both hypotheses are reasona-

ble. In Thorndike's study, the leveling of abilities (i.e., greater

sibling resemblance) througji common training seems probable.
The subjects were all high-school students, and the tests were closely
related to the school subjects to which they had all had equivalent

exposure. Willoughby's tests in which the siblings showed the most

resemblance were verbal tests. The least resemblance was shown in

the non-verbal tests, wherein special training and developed interests

would make for differences rather than for likenesses.

The degree of resemblance in mental traits between parents and

offspring has been recently studied by H. E. Jones (30), who ex-
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amined 210 parents and 317 children in a rural New England com-

munity. Children between the ages of three and fourteen were given
the Stanford-Binet, while the older children as well as the parents
were given the Army Alpha. The multiple correlation of children's

scores with both parents' scores was .59. Correlations with the parent
of the same sex as the child were not significantly higher than those

with the parent of the other sex, the first relationship averaging .56,

the second .54. However, the correlation of the intelligence test

scores made by children of either sex with the mother's intelligence

test score averaged about five points higher than the correlation with

the father's score. Jones attributes this difference (which, though

unreliable, was consistent) to the fact that the mother is more inti-

mately connected than the father with the child's early training.

Willoughby in the study already described also tested the

parents of his group of -siblings with the same eleven tests which

had been given to the children. His average parent-child correlation

was .35. The correlations of the separate tests varied from .17 for

the N.I.T. Test of Checking Similarities to .48 for the History and

Literature Information Test of the Stanford Achievement Test. These

correlations are lower than the parent-child r's reported by Jones,

owing probably to the fact that some of Willoughby's tests meas-

ured fairly narrow activities, which are more susceptible to special

training and special influences than is the Stanford-Binet. It is inter-

esting to note that Jones* parent-child correlations are in close agree-

ment with the early work of Pearson (39). Pearson established the

average parent-child correlation and the average sibling correlation

in physical traits, such as hair color, eye color, cephalic index, etc.,

to be close to .50, and this figure is generally accepted as giving a

measure of the hereditary influence in physical traits.

2. Foster-children

One of the most extensive studies of the mental resemblances of

own and adopted children, and of own and foster parents, is that of

Burks (9). Burks tested a total of 214 foster children, all of whom
were adopted before the age of twelve months, and 105 "control"

children living with their own parents. These children were all given

the Stanford-Binet and the Woodworth-Cady Personal Data Ques-

tionnaire (p. 226). In addition, Burks secured a cultural rating of the

foster homes, as well as intelligence test scores, occupational status
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and other data upon the foster parents. Information regarding the

true parents of adopted children was secured from placement records.

The correlation between the mid-parent
1

intelligence score and

foster-child M.A. was .20, as against a correlation of .52 between

mid-parent intelligence score and own-child M.A. This lesser re-

semblance of parents and foster-children strongly indicates the influ-

ence of hereditary factors, since the youth of the foster-children,

when adopted, allowed environmental factors to operate upon them

virtually as long as upon own-children. From all of her data, Burks

concluded that the total contribution of heredity alone to individual

differences in I.Q. is "probably 'not far from 75 to 80 per "cent."

She estimated further that the "very best" environment might raise

the LQ. as much as twenty points; while the "very poorest" environ-

ment might lower it as much as twenty points. Changes as great as

this, however, rarely occur. A general conclusion -suggested by this

study is thai: the Stanford-Binet measures mental performances which

are determined principally by hereditary constitution.

Freeman, et al. (21), have conducted a somewhat similar study

as that of Burks upon 401 foster-children, all of whom were adopted
before the age of four years. Of the foster-children, 159 were

siblings. In addition, thirty-six own-children of the foster-parents

were included for comparative study. All of the children were given

Stanford-Binet and the Princeton International Group Mental Test;

the foster-parents were given the Otis Self-Administering Test and a

fairly difficult vocabulary test. Information was collected upon the

economic and cultural status of the foster homes, and occupational,

educational and other data upon the foster-parents. Probably the most

significant finding of this study was that the I.Q.'s of foster-children

show a rise of about seven and a half points on the average when
these children are retested after several years of residence in the

foster home. Children adopted into the better homes made greater

gains in LQ. than those adopted into the poorer; also the younger
the child at the time of adoption, the greater the gain in I.Q.

It is significant that the intelligence scores of adopted siblings
reared in different foster homes correlated only .25, as compared with

the r of .50 usually obtained between the scores of siblings raised to-

gether. Here it appears that the difference in environment has drasti-

cally reduced the resemblance. The correlation between foster-child
1 The average of the intelligence scores made by father and mother.
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LQ. and foster-parent Otis S.A. score was .37; and the correlation

between foster-child LQ. and cultural rating of adopted home .48.

These results indicate again a greater contribution of environment

to differences in test performance than do the results of Burks. It

should be said, however, that in Freeman's study selective factors in

adoption may have operated to raise the correlation between the

foster-parents' intelligence score and the child's LQ., as well as the

correlation between the rating of the foster-home and the child's

LQ. The children in Freeman's study were older at the time of adop-
tion than those in Burks' study. More information was to be had,

therefore, upon the achievements and probable capacities of the

children to be adopted. It seems likely that the more intelligent and

better educated foster-parents would avail themselves of any infor-

mation upon the child and its antecedents, and hence tend to select

the brighter children for adoption. The systematic operation of

selective factors, however, is denied by Freeman.

The most clear-cut result growing out of both of these studies is

the finding that the LQ. does tend to rise after residence in foster-

homes. In this respect the two studies show considerable consistency;

Burks reports an average rise of five to six points under good envi-

ronmental conditions, Freeman 7.5 points. However, these changes

are, after all, relatively small, and indicate strongly that hereditary

factors largely determine individual differences in performance upon
the Stanford-Binet. Drastic changes in the environment will appar-

ently operate to lower or to raise the LQ. by as much as twenty

points.

THE "GENIUS" AND THE FEEBLE-MINDED CHILD

Before the advent of mental tests only striking examples of feeble-

mindedness or genius attracted much notice. The large group of

individuals not falling into either of these categories was simply
classified as normal, or average. Such rough and superficial cata-

loging inevitably led to conceptions of normality, genius and feeble-

mindedness as constituting "types," i.e., groups possessing special

characteristics which marked them off definitely (and qualitatively)

from each other. Very little progress could be made toward the

proper understanding of atypical individuals, particularly the feeble-

minded, until their fundamental relationship to the average or nor-

mal individual was correctly understood. Mental tests may be said
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to have demonstrated conclusively that the very bright and the very

dull are not "types/
5

but simply the extremes of a continuous scale

of abilities.

1. The Superior Child

It is a popular notion that the superior child, although precocious

in early years, will at maturity be no more intelligent and often

less so than the average child. According to this view, the gifted

child may learn more readily than the normal or slow child, but not

more surely. Unfortunately for the parents of dull children, this

"compensation theory" is not supported by evidence. Data collected

by Baldwin (2) upon superior children indicate that the I.Q.'s of

superior children remain fairly constant from year to year, the

superior child tending to maintain his relative superiority to the

average and the dull child, as he grows older.

By far the most extensive study of superior children by the mental

test method has been conducted by Terman and his associates (50)

at Stanford University. This investigation is so complete, and demon-

strates so clearly the value of mental testing in research of this kind,

that it will be quoted here in some detail. The main group in Ter-

man's study consisted of 643 school children, all with Stanford-

Binet I.Q.'s of 140 or above. As Terman points out, this group repre-

sents approximately the upper 1 per cent, of the elementary school

population. Control groups of from 600 to 800 unselected school

children of average age-grade location were selected for comparison
with this superior group. All of the children control and experi-

mental attended the same schools. The data collected on the gifted

children included Stanford-Binet; N.I.T.; the Stanford Achievement

Test; tests of general information and of knowledge about common
games and sports; tests of interests; personality tests, as, for exam-

ple, a revision of the Woodworth P.D. Sheet; objective tests of hon-

esty and other character traits based upon the Voelker tests; tests of

social attitudes; and finally, anthropometric and medical examination

records. Each child was rated by its parents and teachers upon a vari-

ety of intellectual, emotional, social and moral characteristics. Infor-

mation was also collected upon the cultural status of the home,
education and occupation of parents, and the special achievements of

relatives and ancestors.

Analyses of these extensive data indicated that in general the
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superior child comes from a better home, has better educated parents
and better educated relatives than the average child. The average
cultural rating of the homes of the superior children upon the Whit-

tier scale, for instance, was 22.94, as compared with 20.78 for the

general population and this in spite of the fact that the economic

status of the superior group was by no means above the average of

the localities from which the control group was drawn. The median

school grade reached by the parents of the superior children was

12.2, and by the grandparents 8.9, in contrast to the norm of 6.9

reported for the Army draft as typical of the general population.
The ratings of parental occupations (for intellectual requirements)
on the Barr scale gave an average of 12.77 for the superior group
as compared with 7.92 for the general population in the same

districts.

The anthropometric and medical records, as well as the question-

naire data submitted by the children and their parents, indicated that

the gifted children as a group are less sickly than the average, and

are stronger in muscular development. Poor nutrition was reported
in 7.2 per cent, of the control group and 2.6 per cent, of the gifted;

nervousness in 16.1 per cent, of the control and 13.3 per cent, of

the gifted. Indices of development showed the gifted group to be

somewhat accelerated physically, as well as mentally. The gifted

children were reported as having on the average begun to walk one

month earlier, and to talk three and a half months earlier, than the

average group.

No evidence was found that the interests of the gifted child were

more narrow or more specialized than those of the average child;

analysis of their play life, for example, showed no marked devia-

tions from the norm, except a tendency for the superior child to

prefer games of children chronologically older than himself. The

personality questionnaires and ratings indicated a distinct superiority

of the gifted group. The gifted children were significantly higher

than the control in the personality and character tests, in social atti-

tudes and in trustworthiness.

Educationally, the gifted group was accelerated, 85 per cent, being

ahead of their normal age-grade location, 15 per cent, normal, and

none retarded. Scores on the Stanford Achievement Examination

showed that many of the gifted children should have been in grades

still higher than those in which they were placed. Although the gifted
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group, on the average, did 40 per cent, better than the age norms on

the Stanford Achievement Test, their actual grade location was only

14 per cent, better than the average. This retardation of bright chil-

dren has been commented upon in Chapter 7, (p. 30) and shows the

need for special classes, and for more flexible promotion methods

for the bright child.

2. The Feeble-minded

Mental tests have most often been employed with the feeble-

minded in connection with problems of detection and placement;
and for determining the type of training best suited to individual

cases. Definite indications of the kind of training which should prove
most fruitful to the mentally retarded or deficient may be found in

studies of the relative retardation of the feeble-minded in different

traits. All of the experimental evidence points to the conclusion that

the dull child is not equally inferior in all respects, his deficiency

being most marked in the abstract verbal functions, less so in simple

mental processes requiring attention and discrimination, and least of

all in physical and muscular development. In a pioneer study by

Norsworthy (38), a series of sixteen mental, motor and sensory

measurements were secured from 157 subjects, the majority of whom
were between the ages of eight and sixteen. All of these children

were inmates in institutions or members of special classes for the

feeble-minded. Records were taken from several hundred normal

children to be used for comparison. Norsworthy's results are ex-

pressed in terms of the percentage of the feeble-minded group which

reached or exceeded the median of the normal group. In such a

comparison, 50 per cent, "overlapping" indicates a complete cor-

respondence within the two groups. (See Figure 15.) In four physical

tests, viz., height, weight, pulse rate and body temperature, the

average percentage of the feeble-minded reaching or exceeding the

median of the normal was 41 per cent.
; in a test of equating weights

it was 18 per cent.; in the "A" cancellation test, 9 per cent,; and in

the a-t cancellation test, 1 per cent. Memory for unrelated words gave
an overlapping of 6 per cent., and memory for related words 5

per cent. A selection from the Woodworth-Wells association tests,

used as measures of higher or abstract abilities, gave the following

percentages of overlapping: part-whole, 9 per cent.; genus-species,
9 per cent; opposites, per cent. Comparative studies of feeble-
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minded and normal children in school subjects have given quite
similar results (11, 35). The feeble-minded are most deficient in

reading, composition and arithmetic; and least deficient in simple

computation, penmanship, drawing, handwork and spelling.

To the psychologist, these results indicate definitely that the feeble-

minded should be treated much like the normal, since they differ

from the normal in degree, rather than in kind, of intelligence. A
practical conclusion is that training for the feeble-minded and low-

grade must place its emphasis upon training in manual skills and

upon routine, rather than upon intellectual, activities in order to de-

velop those capacities in which the feeble-minded has the best chance

of success. The importance of training the feeble-minded in manual

tasks, and in simple sensory discrimination, was emphasized as long

ago as 1866 by the French physician Seguin (45), who demonstrated

the significant progress that can be made by the low-grade in such

activities. In modern institutions, all but the lowest cases of feeble-

mindedness are kept busy at some productive task suited to their

limited capacities. Besides the social usefulness of such work, the

assignment of tasks which he can perform effects a favorable emo-
tional attitude in the feeble-minded individual by arousing his self-

confidence, interest in accomplishment and feeling of independence.

GROUP DIFFERENCES

In no field of investigation have mental tests been more widely
used than in the study of the differences among groups. Even before
the present extensive development of, and interest in, intelligence

testing, sensory, motor and even simple mental tests (56) were ad-

ministered to individuals of both sexes and to various racial and
national groups. If we add to these earlier studies the many recent

investigations of group differences made with general intelligence
tests and other psychological measures the total becomes exceedingly
great.

The results of many studies of group differences in tested abilities

are inconclusive or ambiguous, unfortunately, owing to the failure
of the investigator to overcome difficulties which are nearly always
present in such comparisons. The more important of these hazards

may be listed as follows: (1) The unreliability and ambiguity of

many tests; (2) the errors arising from the use of small and non-

representative samples; (3) the failure to take account of overlap-
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ping; and (4) wide environmental and cultural differences. These

complicating factors will be illustrated briefly. The unreliability of

many tests (p. 44) renders the differences between average scores

non-significant statistically, while the meaning of the scores them-

selves is often not clear. To state, for example, that boys are superior
to girls in "reasoning ability" means little, unless one knows whether

the difference between the group averages is significant, and what

the tests are from which this general conclusion was drawn. Even

large differences between averages may arise from chance alone,

while "reasoning ability" may refer to arithmetic problems or to

logical problems of a syllogistic sort, or to some other very different

test. When two samples are compared, they must not only be large

enough to make comparisons valid, but they must also be truly

representative of the populations from which they are drawn. A
study by Brigham (6) illustrates the sampling hazard. Basing his

conclusion upon the Army Alpha test scores made by foreign-born

men enlisted in the United States Army, Brigham reported the in-

telligence of men born in South European countries (Mediterranean)
to be less than that of men of Northern European ancestry (Nordics) .

The groups upon which these results were obtained are so small,

in most cases not exceeding 400 or 500, that it is hard to con-

ceive these groups to be representative of their respective nations.

The factors determining immigration from Sweden and Italy, say,

may differ so greatly that one may be getting the intellectually

poorest from the one country and the average or superior from the

other. One is not justified in concluding, therefore, from the test

scores of 500 Swedes and 500 Italians that the Swedish nation is,

in general, more intelligent than the Italian.

The failure to take account of overlapping is a potent source of

error in comparing two or more groups. It may happen jhat the

difference between the averages of a group of eight-year-old boys

and a group of eight-year-old girls on a given test is five points in

favor of the girls. But when one examines the distributions of scores,

it usually appears that the differences within either group are far

greater than the differences between average members of the two

groups. Said differently, a high-scoring boy and a low-scoring boy

will usually be much farther apart in ability than the average boy

and the average girl. To draw the conclusion that one group is su-
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perior to another, without taking into account the overlapping of the

two groups, may greatly exaggerate, if it does not falsify, the facts.

We have already indicated on p. 23 how environmental differ-

ences, such as language, cultural status and training, affect the I.Q.

In exactly the same way, such variations in background often pre-

clude a fair comparison of two groups in other respects. Kline-

berg (31) has shown that the differences between the performances

upon mental tests of American Indian and white children arise from

fundamental differences in attitude toward the test, rather than

from differences in ability; and the same is true of the differences

in performance of white and of Oriental and Negro groups. Kline-

berg observes, in illustrating this point, that it is unreasonable to

expect a Negro child to indicate as "True" the statement: "Silence

is observed in libraries and churches" when all of his experience

would indicate that the contrary is true. The upshot of this discussion

is that comparisons of groups by means of tests, e.g., boys and girls,

Negroes and whites, are valid only when environmental factors which

may affect test scores are equalized or made negligible. In the

descriptions of the studies of group differences in the following

paragraphs it must be remembered that results and conclusions are

always to be evaluated in the light of the criticisms and limitations

outlined above.

1. Sex Differences

Most investigators have found the average boy to be superior to

the average girl in tests involving numerical or mathematical rela-

tionships, as well as in the ability to employ spatial and geometric

concepts. Girls, in turn, are usually superior to boys in tests requir-

ing memory and in the ability to employ language relationships

quickly and precisely. To be sure, the sex difference found in a

single study for any of these functions is often not significant statis-

tically; but the consistency of the results reported by different

investigators lends weight to the belief in the existence of a true

difference.

Cameron (14) measured 500 boys and girls in fourteen secondary
schools in England and Wales with various mathematical and spatial

ability tests. The age range covered by the group was from thirteen

years to sixteen years ten months. The tests included computation;
arithmetic reasoning; mechanical processes in algebra; and the use

of symbols in algebraic reasoning, as well as tests of geometric con-
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struction and geometric reasoning. Cameron's results indicated a

small but consistent difference in favor of the boys upon the whole

battery. When boys and girls in separate schools were compared, die

average percentage of the girls exceeding the boys' median was 39

per cent.; while in co-educational schools the average percentage of

girls exceeding the boys' median was 40 per cent. The percentages of

girls exceeding the median boy in the separate tests ranged from 29

per cent, (geometric space relations) to 59 per cent, (geometric

deduction) when boys and girls in separate schools were compared.
In the co-educational schools the percentages of girls exceeding the

boys' median ranged from 26 per cent, (arithmetic problems) to 57

per cent, (mechanical algebraic processes). This study shows a small

but consistent superiority of boys over girls in mathematical

processes. The fact that the boys' superiority is as great in the co-

educational schools (environment equal) as in separate schools (en-

vironment different) suggests that schooling, at least, is not the chief

cause of the difference.

Terman (49) found that 15 per cent, more boys than girls passed
the nine-year test of making change on the Stanford-Binet, and that

33 per cent, more boys than girls passed the fourteen-year test of

arithmetic reasoning. Fauth (19), who administered a test of con-

tinuous addition to 1,214 German school children in Grades 1 to 8,

reported that the girls did fewer problems in the given time and

made more errors than the boys in every grade. Whipple (54), who
tested a group of 834 high-school students with Army Alpha, found

the boys to be significantly superior to the girls in the arithmetic

test, the number series completion test, and the information test.

In performance tests, which seem to depend largely upon the

ability to handle relations of a spatial sort (p. 69), boys again excel

girls. Gaw (22) tested 100 school children, fifty-two boys and forty-

eight girls, of average age thirteen and a half years, upon several

of the Pintncr-Paterson tests, the Porteus mazes, the Pintner Non-

language Scale, the Slenquist Mechanical Aptitudes Test and the

Kellcy Construction Test. The Stanford-Binet was also administered

to all of the members of the group. The LQ. computed from the

results of all of the performance tests gave a slight difference (three

points) in favor of the boys; but analysis of the scores on the sep-

arate sub-tests revealed marked differences in favor of the boys in

three of the Pintner-Paterson tests, viz., the Picture Completion I, the
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Triangle and the Diagonal tests. The girls excelled the boys in Cube

Imitation, Substitution Learning, and Cube Construction tests

which depend, apparently, more upon memory and visual imagery

than upon spatial relations. Much the same sex difference was found

by Goodenough (24), who administered the Kuhlmann-Binet Scale

and the Wallin Peg Boards to 300 children, ages two, three and four

years. There were fifty boys and fifty girls at each age level. Al-

though the girls were higher in Kuhlmann-Binet M.A., the boys were

slightly ahead on the peg boards, their time scores being lower, but

not always reliably so, than the girls' scores.

A consistent superiority of girls is shown in most studies of mem-

ory. Terman (49), in analyzing the Stanford-Binet results on kinder-

garten and school children, found over 10 per cent, more girls than

boys passing each of the memory tests on this scale. Achilles (1),

who tested adults and children in memory for words, for syllables,

for proverbs and for geometric fomis, reported female superiority

in nearly every comparison made.

In studies of aptitude for, and facility in, language and language

usage, most of the evidence indicates that girls are superior to boys,

Trabue (53) reported that upon his Sentence Completion Test the

girls' median scores were consistently higher than the boys' median

scores for the same grade. On the Stanford-Binet, Terman found the

average I.Q. of the girls to be higher than that of the boys up to

age fourteen. Bonser (4), who tested 385 boys and 372 girls, ages

nine to sixteen, upon a series of mathematical and verbal tests, found

the girls superior in naming opposites, defining the meaning of

words, and literary interpretation of passages of poetry. The boys
excelled in the "mathematical judgment," and in the "best reasons"

tests. L. W. Pressey (42) has reported results obtained upon the

Pressey Group Intelligence Scale for 880 school children, ages nine to

fourteen years. The average score of the girls upon the whole test

was higher than that of the boys at each age. The girls were superior
in rote memory for words, naming opposites, analogies, word com-

pletion, dissected sentences and moral classification the last test

probably measuring reading comprehension, primarily. The boys ex-

celled in the arithmetic test at all ages, and in the information test from

age eleven to sixteen. Book and Meadows (5) have reported results

obtained with the Pressey Group Intelligence Scale upon 2,422 boys
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and 3,503 girls, high-school seniors, ages sixteen to twenty-three.

The boys were superior in arithmetic and information; the girls

slightly superior in word completion, dissected sentences and logical

memory. The relative performance of the two sexes on the sub-tests

agrees in general with the study by Pressey described above. But in

the high-school group the boys scored higher on the whole scale,

whereas in the elementary school group the girls scored higher. Two
factors may be mentioned briefly which singly or together might
lead to this result. In the first place, the high-school boys probably

represent a more highly selected group than the girls, since dull boys
tend to drop out of school earlier than dull girls; the fact that there

were more girls than boys in the high-school group supports this

hypothesis. Again, girls may develop more rapidly than boys and

hence reach intellectual maturity earlier. If this be the case, the

younger girls in Pressey's study would do better than the boys, be-

cause of developmental acceleration; but this advantage would tend

to disappear or to be reversed in the older groups. There is consid-

erable evidence that girls mature earlier than boys in physical

traits (3). And the presumption is that this is also true of mental

development, although the evidence on this point is not conclusive.

One of the most striking sex differences is that reported by

Brigham and Brolyer (7) from the results secured with the scholastic

aptitude tests. These tests were administered in 1930 to 4,214 boys
and 3,363 girls, all candidates for entrance into various colleges.

Upon the verbal tests of the battery, the difference in favor of the

girls was 11.34 times the S.D. (diff.), a highly reliable difference,

statistically. A difference equally as large in favor of the boys was

found on the numerical tests of the battery, the difference here being

15.27 times the S.D. (diff.)

The trend of the differences reported in this section bears out

our earlier statement that, in general, girls do better on language

and memory tests, and boys do better on mathematical, spatial and

information tests. These results do not necessarily imply any innate

or hereditary difference in constitution; but they do reflect an inter-

esting difference under existing environmental conditions. Part of

the sex difference found may be hereditary, but it is probable that a

large if not a major part is to be attributed to differences in

training, interests and outlook.



202 PSYCHOLOGICAL TESTS

2. Race Differences

(a) The American Negro: Comparisons of Negro and white have

been especially numerous in the United States owing to the fact

that the Negro has lived in this country for 300 years; speaks Eng-

lish as his native tongue; and, in a broad sense, is subject to the

same environmental influences as the white. In 1915, Ferguson (20),

in a pioneer study, tested 421 Negro school children and 486 white

school children in three cities in Virginia. The tests employed were

the Woodworth-Wells Analogies, or Mixed Relations Test, the Trabue

Language Completion Test, the "A" Cancellation Test, and a stylus

maze. In analogies and sentence completion the Negro children were

markedly 'inferior to the white; but in cancellation the differences

were inconsistent, the Negro girls excelling the white girls, and the

Negro boys ranking about the same as the white boys. In the stylus

maze the Negro children were slightly more accurate, but somewhat

slower than the white. When they worked as rapidly as the white

children, however, they made the same number of errors. When the

Negroes were classified on the basis of skin color, in order to show

the amount of interbreeding with the whites, a positive relationship

was obtained between all of the scores on the tests and the apparent
amount of white blood. Ferguson's conclusion was that in general

the performance of Negroes is about three-quarters as efficient as

that of whites with the same amount of training. A contrary result

has been reported when performance tests were used in which

language-training and educational advantages play a minor role.

Klineberg (31) administered four of the Pintner-Paterson Perform-

ance Tests
1
to 200 Negro and 100 white boys in New York City, ages

eleven to sixteen, and 139 Negro and twenty-five white boys, ages
seven to sixteen, in a rural district in West Virginia. His results

showed the Negroes to be equal or slightly superior in accuracy lo

the whites, but slower in their performance. No relationship was
obtained between test scores and amount of white blood, as judged
from negroid characteristics, such as skin color, lip thickness, nose

breadth, etc. The New York City Negro children were faster than

the West Virginia Negroes, a close relationship being found be-

tween length of residence in New York City and speed upon the test.

This result the author takes as indicating the speeding effect of an
urban environment upon test performances of this sort.

1 These were Mare and Foal, Casuist, Triangle and Healy "A." See p. 77.
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One of the most extensive studies of the comparative abilities of

Negro and white is that of Peterson (40), who tested 1,726 whites

and 1,424 Negro school children in three southern states. Peterson

used a series of group general intelligence tests, including the Pressey
Mental Survey Scales, the Otis Group Intelligence Scale, the Hag-

gerty Intelligence Examination Delta I and the Myers Mental

Measure. The average Negro I.Q. on the group tests was .68 as com-

pared with .88 for the whites. Comparisons of separate ages and

grades indicated consistent Negro inferiority upon all of the tests.

On the Peterson Rational Learning Test, which is relatively inde-

pendent of training and language ability, a significant difference

appeared in favor of the white children. This result was obtained in

comparing 299 white and 314 Negro school children.

Pressey and Teter (43) administered the Pressey Group Test to

187 Negro school children in Grades 3 to 12. A comparison of the

total scores of the Negro children with the white norms showed an

average retardation of the Negroes of about two years. The scores

on the separate sub-tests placed the Negro consistently below the

white child. Negro inferiority was least in tests of rote and logical

memory, arithmetic problems and practical judgment; and greatest

in tests requiring literary ability, word knowledge and information.

It is probable that lack of comparable environmental opportunities,

difficult access to libraries and books, will explain part, at least, of

the Negro inferiority in these tests.

The average score of native-born whites upon Army Alpha was

fifty-nine (57), that of northern Negroes thirty-nine, and that of

southern Negroes, twelve. For the illiterates in these three groups,

the average score on Beta was forty-three for the whites, thirty-three

for the northern Negroes and twenty for the southern Negroes. The

relative standing of the three groups is the same on Beta as on Alpha,

but the differences in average score are smaller. This checks up
with our earlier finding that the Negro is much less inferior (if

inferior at all) to the white in performance tests, than in "verbal'*

general intelligence tests. The superiority of the northern over the

southern Negro in all of the tests has been variously explained (41).

It is doubtful whether selective migration of the more intelligent and

ambitious Negroes (which has not been proved) can account for all

of the difference. Better education, as well as better social and occu-

pational opportunities, seems to be a more reasonable explanation.
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In the special field of rnusic, Davenport and Steggerda (18) re-

port the Negro to be superior to the white in tests of pitch discrim-

ination, sense of rhythm and tone memory. Their subjects included

ninety adults and 300 children.

By way of summary, it may be said that Negroes tested in the

United States are generally inferior to the whites in verbal tests of

general intelligence. The Negro is most inferior in tests demanding
abstract reasoning and language knowledge and usage; he is equal,

and sometimes superior, to the white in tests of memory and concrete

practical judgment, and in accuracy upon performance tests. In

simple tests of musical capacity the Negro is apparently superior to

the white. Amount of white blood, as indicated by skin color and the

absence of negroid characteristics, is apparently uncorrelated with

performance upon intelligence tests, though the evidence upon this

point is not conclusive. Whether the inferiority shown by the Negro

upon mental tests is actually a matter of poorer native equipment
rather than the result of more meager environmental opportunity, is

still an unsettled question.

(b) The American Indian: Comparative studies of the abilities of

the American Indian and the native white are rendered extremely

difficult by wide differences in training, culture and attitude toward

life. In those studies wherein environmental factors were at least

roughly equated, the Indian appears to test somewhat below the

white. Hunter and Sommermeier (28) administered the Otis Group

Intelligence Test to 715 Indians (including the representatives of

sixty-five different tribes) attending the Haskell Indian Institute in

Kansas. Records of immediate ancestry were available for 711 mem-
bers of the group, from which the degree of inter-mixture with the

white race could be approximately determined. The median score

of the Indian group on the Otis test was 82.64, as compared with the

TABLE IX

COMPARATIVE SCORES ON THE OTIS GENERAL INTELLIGENCE TEST MADE BY
INDIANS OF DIFFERENT DEGREES OF WHITE INTERMIXTURE

(from Hunter and Sommermeier [28])

J Indian % Indian J Indian Pure Indian
Percentiie Blood Blood Blood Blood

25 77.25 68,00 5631 3580
50 109.30 9147 77.75 67.46
75 12790 117.90 10830 9435
No. of Cases 112 192 142 265
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white norm of 122.58. Pure-blood Indians ranked lowest, the test

score increasing regularly with increase in proportion of white blood.

(See Table IX.) A correlation of .51 was obtained between the Otis

test score and the percentage of white blood when variability arising
from age and school grade was held constant. That improved social

surroundings influence the Indians' Otis scores is indicated by the

positive correlations (.28 to .42) between total score and number
of months in school. An analysis of the various sub-tests in the Otis

scale showed the Indian inferiority to be greatest upon the highly
verbal tests (those most susceptible to training) such as opposites,

analogies, matching proverbs and narrative completion; and least

upon tests of memory, of following directions and tests involving

geometric or spatial relations.

Jamieson and Sandiford (29) examined 717 Indian school chil-

dren in Ontario, Canada, using the following tests: N.I.T., Pintner

Non-language Scale, Pintner-Paterson Performance Scale, Pintner-

Cunningham Intelligence Test, and the Stanford Achievement Test.

All of the children could speak English, although their ability was

reported as somewhat below that of the average American child.

Children in whose homes English was spoken exclusively were clas-

sified as the "English-speaking group," and their performance on the

various tests was compared with that of the other group. The social

status of the Indian group as a whole was considerably below that

of the white, the average rating of the Indian homes on the Chapman
Socio-economic Scale being 13, as compared with the white

norm of 56. Upon the Stanford Achievement Test, the Indian

children were decidedly inferior to the white norm, a part of which

inferiority may be directly attributed to language difficulty, poor

study conditions and irregular school attendance. Upon the Pintner-

Paterson Performance and 'the Pintner Non-language Scales the In-

dian children were nearest to the white norms, their median I.Q.'s

on these tests being 96 and 97, respectively. The median Indian LQ.
on the Pintner-Cunningham test was .78, and on the N.I.T., .80.

Upon all of the tests except Pintner-Paterson, the "English-speaking"

Indian children surpassed the other Indian children. These compari-

sons of Indian and white upon verbal and performance tests indicate

clearly the large influence of the language factor, as well as the

effect of wide differences in environmental and cultural status.
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Klineberg (31) administered six
1
of the Pintner-Paterson tests to

120 Indian children upon the Yakima Reservation, and to a control

group of 107 white school children, ages seven to sixteen, living on

the Reservation. The same tests were also given to 136 Haskell In-

stitute Indians, ages seven to twenty-one. On all of these tests the

Indians worked more slowly than the whites
; but they worked more

accurately at each age level. The Haskell Indian group worked

faster than the Yakima Indians. This last result, and the lack of

correlation between speed on the tests and white intermixture, led

Klineberg to suggest that the differences in performance probably
resulted from environmental factors rather than from native differ-

ences. The author points out that speed does not have for the Indians

the same significance and importance which it possesses for the

whites.

The results from mental tests given to the American Indian are,

in general, quite similar to those results obtained with Negroes. The
Indian is consistently inferior to the white in language tests; con-

siderably less inferior, or even superior, upon performance tests.

Language difficulties, inferior schooling, differences in attitude, in

interests, in temperament and in incentives loom so large, that an

evaluation of the part played in Indian-white mental differences by
immediate ancestry is well nigh impossible. The negligible differ-

ences between Indians and whites upon performance tests, which are

largely independent of environment, suggest that the influence of

hereditary differences would be very slight, if the environments were

really comparable.

(c) Oriental Groups in America: There have been a number of
studies of Oriental groups residing within the United States. Darsie

(17) carried out an extensive investigation upon American-born
Japanese children living in California. His main group, all of whom
lived in cities and reported English as the language most familiar
to them, totaled 658 children between the ages of ten and fifteen.

Tests administered were the Stanford-Binet, the Army Beta and the
Stanford Achievement. Teachers' ratings were also secured upon
nineteen social, personality and other traits. Upon the Army Beta,
no significant differences were found between the white and Japanese
children up to the age of twelve. Beyond twelve years, the Japanese
Mtfare and Foal, Casuist Form Board, Triangle, Healy Puzzle "A," Ship, and Knox

LUDe 1 ests ip. 77) .
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were somewhat superior. Upon the separate sub-tests of Beta, the

Japanese were superior in digit-symbol learning and number com-

parisons, but were significantly inferior in picture completion. The

Japanese children had a mean I.Q. of 89.5 upon the Stanford-Binet

as compared with 99.5 for the white children from the same district.

This difference, however, was found to be attributable to a few

highly "verbal" tests, which probably favored the white children.

The Japanese children, for instance, were reliably superior to the

white children on the Stanford-Binet tests which involve sustained

attention and visual perception, viz., induction, paper cutting, in-

closed boxes and code writing. In an effort to decide the degree to

which success in each of the Stanford-Binet tests depends upon lan-

guage comprehension, Darsie had seven psychologists rate each of

the tests for "verbalness." Each test was then given a rank based

upon the average judgment of these seven experts. The coefficient of

correlation between the ranking of the tests for language compre-
hension and for degree of Japanese inferiority was .87, which shows

that the Japanese tended to be most inferior on those tests judged by

experts to be most verbal. As shown by their Stanford Achievement

Test scores, the Japanese children were about six months retarded.

The only school subjects in which these children were normal were

arithmetic computation and spelling, in which, probably, their

tendency to give close attention and their keen perception offset other

disadvantages. It is interesting to note that Japanese children were

rated by their teachers as superior to the "standard American child"

in modesty, emotional stability and esthetic appreciation; and in-

ferior in self-confidence, command of language and intellectual ca-

pacity this last rating reflecting, probably, their somewhat inferior

school attainments.

Sandiford and Kerr (44) gave the Pintner-Paterson Performance

Scale to 500 Chinese and Japanese children in the Public Schools of

Vancouver, B. C. The average I.Q. of the Japanese boys was 115.4,

and of the Japanese girls 112.8; while the average I.Q. of the

Chinese boys was 107.8, and of the Chinese girls 107. These results

indicate that, on tests which make little demand upon language com-

prehension, the Chinese and the Japanese school children do as well

as, or better than, comparable white children. As noted above, the

Japanese appeared lo be especially superior upon tests involving

quick attention and perception.
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The equality and frequent superiority of Orientals in mental tests

has been usually attributed to selective migration, the assumption

being that only the more progressive and more intelligent individuals

leave Oriental countries to come to the United States. This may have

been true in times past, but it is probably not true today and may
not have been true then. As already stated, factors determining emi-

gration vary from country to country, some countries sending their

best, and others their worst elements. This considerably complicates

comparisons of foreign-born groups in the United States.

(d) Natio-racial Differences: In attacking the problem of racial

differences, psychologists have often failed to distinguish between

racial divisions and national divisions. As commonly used, the term

race, as for example the Negro race, refers to a group of people who

possess common inherited biological and anatomical characteristics,

such as head shape, hair, eye and skin color, and other facial and

bodily similarities. A nation, on the other hand, is a geographical or

political group, e.g., French or Japanese, living within the boundaries

of a common country and having a common government. Obviously,

a nation may be a mixture of many diverse racial elements.

Modem anthropologists divide the white peoples of Europe into

three great racial sub-groups: Nordic, Alpine and Mediterranean.

The Nordic is characterized by blondness (blue eyes, light hair), tall

stature, and dolichocephaly (long-headedness) ;* the Mediterranean

by brunetness (dark eyes and hair), short stature, and dolicho-

cephaly. The Alpine falls in between these two extremes, being
intermediate in eye and hair color and medium in height. In head

shape he is brachycephalic
1

(broad-headed). Every European nation

includes in its racial composition all three of these strains. In order

to study racial differences as between European nations, therefore,

individuals should be classified according to those physical resem-

blances which are indicative of common heredity, rather than accord-

ing to arbitrary political groupings. Two studies of racial differences

within the white race will be described in this section.

Hirsch (27) gave mental tests to 5,504 school children in the

public schools of Massachusetts. These children were in Grades 1

to 9, and ranged in age from five and one-half to eighteen. While the

children were all American-born, the countries of birth designated

by their parents represented a total of fifteen nations. All of the
1
See Chapter I.
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children tested attended the same schools as the children of Ameri-

can-born parentage, and were quite well equated with them in social

status and parental occupation. The first-grade children were given
the Pintner-Cunningham General Intelligence Test, the second and

third grades the Dearborn Group Test of Intelligence, A, and the

fourth grade and up the Dearborn Group Test C. Extended time

limits were allowed in order to eliminate the influence of speed as

much as possible.

The children were first classified according to the national origin

of their parents. When these groups were compared, the differences

between the average scores were nearly always statistically reliable.

The children were next classified roughly into the three racial sub-

groups, Nordic, Alpine and Mediterranean, irrespective of the na-

tional origin of their parents. Eye and hair color were used as the

criteria for classification, the three final groupings being: (1)

"blond," i.e., those with light hair and blue, gray or hazel eyes;

(2) "brunet," those with black hair and gray, hazel, brown or

black eyes; and (3) "mixed," those children with brown hair, and

any eye-hair combination not included in the first two groupings.

Group I was taken to represent the Nordic racial strain; Group II

the Mediterranean, and Group III the Alpine, and any racial mix-

tures of the other two groups. When these three racial sub-groups,

as defined above, were compared upon the intelligence tests, it ap-

peared that race made far less difference than nationality, so far as

LQ. differences were concerned. The range of differences in average

I.Q, for the three racial sub-groups within a single nationality, for

example, was very small, the greatest range being 6.7 (in the Polish

group) and the smallest .6 (in the French-Canadian group). But

the LQ. range of the different nationalities included within each

racial type was extremely large, being 14.8 within the blond group,

21.3 within the mixed, and 25.6 within the brunet. Hirsch's classi-

fication of his subjects into "racial" groups is admittedly open to

criticism. If it may be accepted, however, as tentative, his results

suggest strongly that scores on mental tests are governed to a much

greater degree by those differences in environment which charac-

terize the different national groups, than by those ostensible heredi-

tary differences which characterize racial groups.

In a more recent and better controlled study of natio-racial

differences, Klineberg (32) gave six of the Pintner-Paterson Per-



210 PSYCHOLOGICAL TESTS

fonnance Tests to ten groups of children, each group consisting of

100 boys, ten to twelve years old. These tests were the Triangle

Test, the Healy "A," the Two Figure board, the Five Figure board,

the Casuist board, and the Knox Cube Test, The experimental groups

included city children drawn from Paris, Hamburg and Rome, and

country children from the rural districts of France, Germany and

Italy. Only those children who exhibited the distinct physical

make-up characteristic of one of the three racial types, Nordic,

Alpine or Mediterranean, were included in the rural groups. The

criteria for classification into racial groups were eye color, hair

color and cephalic index (Chapter I) . The average score (point scale)

on the six Pintner-Paterson Tests as well as the range of scores for

each of the ten groups is given in Table X.

TABLE X
COMPARATIVE TOTAL SCOHES UPON THE PINTNER-PATERSON SCALE OF PER-

FORMANCE TESTS OF TEN GROUPS

(from Klineberg [32])

Group N Average Range S D.

Paris (city) 100 219 100-302 46 2

Hamburg (city) 100 216 4 105-322 45 6

Rome (city) 100 211 8 109-313 42 6

German Nordic 100 198 2 69-289 49

French Mediterranean ... 100 197 4 71-271 45 6

German Alpine 100 193 6 80-211 48
Italian Alpine 100 1888 69-306 48.4
French Alpine 100 180.2 72-296 466
French Nordic 100 1788 63-314 56.4
Italian Mediterranean 100 173.0 69-308 54.2

The test data show, in the first place, that differences among the

three city groups are small and unreliable, overlapping being ex-

ceedingly great. In the case of the rural children, if we compare
the three racial groups irrespective of nationality, small and un-

reliable differences appear. The difference divided by the S.D. (diff.)

is .63, as between the Nordic and Mediterranean; .20 as between

Nordic and Alpine, and .51 as between Alpine and Mediterranean.

But if national groups are compared, irrespective of racial com-

position, the differences are far greater. The difference divided by its

S.D. was 2.97 as between German and Italian children; 2.25 as be-

tween German and French children; and 1.03 as between Krone Ji

and Italian. The most surprising differences were found between

those of the same race but of different nationality, the difference

between the scores of the French Mediterraneans, and the Italian
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Mediterraneans, for example, being 3.44 times the S.D. (diff.).

Perhaps the most striking difference to appear between any
two groups was obtained by comparing all of the city children

wilh all of the country children, irrespective of race or nationality.
The average score of the city children was 215.7 points on the per-
formance scale, and that of the country children 187.1, the difference

being over eight times as large as its S.D. (diff.).

The results of these two studies indicate strongly, as we have

pointed out above, the powerful effects of environment, i.e., train-

ing, education, religion, culture, ideals and outlook upon life. When
individuals are classified upon the basis of environmental similarity,

i.e., as living in the city, or as living in the country, or as living

within the boundaries of a single nation, the differences among such

groups in mental test performances are much greater than when
individuals are classified according Lo common heredity, or common

ancestry inferred from similarities in physical traits.

MENTAL TESTS IN VOCATIONAL SELECTION AND VOCATIONAL

GUIDANCE

A few typical tests used in special fields have been described in

Chapter IV. These tests, as well as tests of general intelligence and

especially designed batteries or trade tests, have been widely used

in vocational selection and guidance. In this section several studies

illustrative of these procedures will be described.

On p. 37, the intelligence ratings of various occupational groups,

as determined from the Army Alpha Test, were presented. Two
main facts stand out clearly in this table. In the first place, the

amount of overlapping in Alpha intelligence scores from one occu-

pation to anolher is very great. This indicates that an individual

cannot be classified on the basis of Alpha score much more pre-

cisely than as falling within the professional, clerical, skilled labor

or unskilled labor groups. Any finer classification would be ex-

tremely dubious. In the second place, clerical and business groups,

accountants and bookkeepers, for example, have higher average gen-

eral intelligence test scores than have workers in the skilled trades,

such as electricians and machinists. Such differences in "intelli-

gence" are in part, at least, owing to the fact that the first group is

more accustomed in its every-day work to the kind of activities

called for by the Alpha Test. A paper-and-pencil test of verbal in-
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telligence may be an adequate means of differentiating good clerks

from bad clerks, but an extremely poor way of separating good

mechanics from bad ones. In vocational selection, the kind of ability

required, whether abstract, social or mechanical (p. 4), must al-

ways be considered in selecting a test.

The general intelligence test when supplemented by other evi-

dence has proved to be extremely useful in the vocational placement
of individuals who are intellectually sub-normal, but not sufficiently

low-grade to warrant commitment to an institution. Burr (10), in

1924, reported data upon 375 girls, ages fifteen and one-half to

twenty-two, who had been examined with the Stanford-Binet, and

various trade tests at the Vocational Adjustment Bureau for Girls

in New York City. Mental ages ranged from six to seventeen years.

After being examined, the girls were placed in different kinds of

industrial work by the Bureau, and their later success at their work

checked against their test records. The criterion of success on a job

was set as the ability to hold the job for at least three months. Mini-

mum mental age requirements were then determined for a number

of specific industrial tasks. In the simple operation of packing, for

example, a mental age of seven years and six months was found

to be adequate, if the task involved the packing of small articles

not damaged by careless handling, such as the placing of powder-

puffs in oiled envelopes. The packing of objects which required
careful handling, such as hairnets, demanded a minimum mental

age of nine years and nine months; and when in addition to packing,

stock-keeping, labeling and checking were required, ten years and
five months was the minimum mental age.

In machine-operating jobs, such as sewing by machine, it was
found that a mental age of at least thirteen years was required if

accidents to the operator, the material or the machine were to be

avoided. Of course, the mere possession of the minimum mental

age requirement does not insure success in a given occupation.
Other factors such as emotional control, physical health and stability

of interests must be considered. However, the establishment of a

minimum mental age requirement does permit the immediate wood-

ing out of those individuals who would almost certainly fail in the

given vocation.

Another study in which minimum mental age requirements for

different occupations proved to be useful is that of Cowdery (J6).



SOME APPLICATIONS OF PSYCHOLOGICAL TESTS 213

This investigator administered the Stanford-Binet to 578 boys, ages
twelve lo nineteen years. All were inmates of a reform school, and

were being taught trades by apprenticeship. Cowdery first deter-

mined the minimum mental age requirements for each type of work.

He then investigated the relationship between Stanford-Binet mental

age and success in learning a job, in groups of boys all of whom
reached or surpassed the minimum LQ. set for that particular task.

The trades studied fell into three groups with respect to the relation-

ship between LQ. and vocational success. In the first group were

jobs which required a certain amount of skill and responsibility,

such as office boy, hospital assistant, tailor's apprentice, carpenter's

apprentice, and the like. The correlations between LQ. and success

in these jobs were positive and often significant, varying from .98

to .23. In the second group, the "neutral" group, were such jobs as

dairy, kitchen, bakeshop and dining-room work, tending flower gar-

den and acting as teamster. There was no appreciable relationship

(r's ranged from .09 to .15) between LQ. and success in these

jobs. The third group included work in the laundry, simple work

in the garden and other tasks done under strict supervision. Success

in these routine tasks was negatively correlated (r's ranged fiom

.23 to ,38) with LQ., the best work being done by those pos-

sessing meager "verbal" intelligence. It should be added, again,

that in no group was the degree of success wholly dependent upon
the general intelligence test rating.

In the studies so far described in this section, vocational selection

or vocational guidance was made on the basis of general intelligence

tests. We shall now describe a study in which vocational tests, espe-

cially constructed for the purpose, were employed. One of the most

successful applications of a vocational test battery to a specific

problem is illustrated in the investigation of Snow (47). Snow ob-

served and tested nearly 3,000 drivers and 1,000 new applicants

for the Yellow Cab Company of Chicago. First, a thorough analysis

was made of the qualifications and traits apparently necessary for

successful taxi driving. Snow then selected or devised tests which

were intended to measure carelessness, recklessness, emotional sta-

bility, judgment and physical and sensory defects. This lest battery

was given lo 311 applicants; and on the basis of the scores made

upon only two of the tests (emotional stability and an intelligence

or judgment test) thirty-four applicants were classified as probably
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unsatisfactory, the rest being marked probably satisfactory. When
these 311 men were followed over a period of ten weeks of actual

driving, it was found that 64 per cent, of the unsatisfactory group

had accidents in which the driver was clearly to blame, while only

33 per cent, of the satisfactory group had such mishaps. Those hav-

ing more than two accidents constituted 38 per cent, of the unsatis-

factory, and 12 per cent, of the satisfactory group. In spite of a

steady increase in mileage covered, Snow was able to show a decided

decrease in accidents for the year 1925, when unfit applicants were

eliminated by means of psychological tests.

MENTAL TESTS UPON DELINQUENTS AND CRIMINALS

In studying delinquents and criminals, the main psychological task

has been the search for traits or characteristics which would serve

to mark off such persons from the non-criminal population. One of

the earliest and best known theories of criminality is that of Lom-

broso (34) who advanced the view that the criminal differs physi-

cally and mentally from the rest of mankind. According to Lom-

broso's theory, the criminal represents a reversion to a more

primitive evolutionary level. Cases were brought forward and analo-

gies cited to show the physical resemblances of criminals to primitive

peoples and to lower animals; and various "stigmata of degeneracy"
were enumerated which weie supposed to be characteristic of the

physical make-up of the criminal.

Lombroso's conception of criminality, like other attempts to catalog
or pigeon-hole individuals into "types," was overthrown by later ex-

perimental investigation. Largely instrumental in this was the work of

Goring (25) who collected physical data, as well as estimates of

intelligence, upon 3,000 English convicts. Except for the fact that

the convicts were on the average from one to two inches shorter

than the normal, and from three to seven and one-half pounds
lighter, no consistent differences in physical traits appeared. Esti-

mates of feeble-rnindedness were very high, however, ] lo 20 per
cent, of the criminal group being adjudged feeble-minded, as com-

pared with an estimate of ^ per cent, feeble-minded in the general

population. Goring concluded from his data that intellectual in-

feriority is the chief cause of crime, and this conclusion has been

approved by many writers on the subject (23) and is still widely
held. There are several considerations, however, which make this
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view appear to be an oversimplification of the problem, and which

tend to disprove the view that crime is simply the result of low

intelligence (12, 26). In the first place, estimates or judgments of

feeble-mindedness are open to considerable error; and when judges
or legal officers are asked to estimate the intelligence of those brought
before them, this error will probably be intensified in the direction

of underestimation. It has frequently been pointed out that in con-

sidering only those actuaHy committed to penal institutions, we are

not getting a representative sampling of the criminal population,
since the more intelligent law-breakers are less likely to be appre-
hended. Again, when general intelligence or other tests have been

employed as a means of comparison, the criminal and the non-

criminal groups have rarely been equated for environmental influ-

ences, making conclusions as to differences in intelligence extremely
doubtful.

Criminals must be compared with non-criminals drawn from the

same social and economic classes if fair conclusions as to differences

in intellectual ability are to be reached. This is well illustrated in

a study by Bronner (8), who gave a series of mental tests, e.g., easy

oppositcs, memory for hard words and passages, and completion,

to four groups of girls, viz., delinquents, servant girls, evening-school

students and college students. The percentage of delinquent girls

who reached or exceeded the median of the college group in five

tests was 2.7; the percentage reaching or exceeding the evening-

school median, 22.3; and the percentage reaching or exceeding the

servant girls' median 56.7. The delinquent girls were clearly inferior

lo the college and evening-school girls in all the tests, but when com-

pared with a non-delinquent group of approximately the same social

status as themselves, they were clearly not inferior.

In the following section several representative studies of adult

criminals and juvenile delinquents will be presented. It would be

impossible in a short space even to sample the mass of psychological

literature on this topic. Hence, since our primary purpose is to illus-

trate the value of psychological tests, we shall confine our discussion

to the role of mental tests in studies of this kind.

L The Adult Criminal

One of the most exhaustive surveys of intelligence test records

upon large groups of criminals is the study of Murchison (37), who
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gave Army Alpha to the inmates of penitentiaries in five stales.

These states were Illinois, Ohio, Indiana, New Jersey and Maryland,

and the subjects were 3,954 white, native-born, male criminals. In

addition to the study of this group, separate surveys were made of

foreign-born, Negro and women criminals. The general intelligence

scores made by the criminals were compared with the Army norms

for the same state. Data were also collected upon educational and

occupational status, type of crime, number of crimes, age, physical

condition, marital status, religion, length of incarceration, etc.

No consistent differences appeared when the average intelligence

test scores of criminals were compared with the Army norms for

the same states. Intelligence, however, did seem to be related to the

type of crime. Murchison, for example, classified the crimes into

seven major groups, and computed the percentage of Army Alpha
scores falling in each group, which could be classed as superior,

i.e., above grade C of the Army norm, and the percentage classed as

inferior, i.e., falling below grade C. Percentages of criminals classi-

fied as of superior or inferior intelligence upon this criterion are

presented in Table XI for each type of crime. It will be seen that

TABLE XI

PERCENTAGES OF CRIMINALS COMMITTED FOR VARIOUS OFFENSES
WHO WERE OF SUPERIOR AND INFERIOR INTELLIGENCE AS JUDGED

BT THE ARMY ALPHA EXAMINATION

(from Murchison [37])

Type Superior Inferior

Fraud 52 9 22
Force ... . 40 5 30 6

Thievery 40 7 31.8
Statutory 317 31 .0

Physical Injury 35 36 9
Dereliction 35 3 43 1
Sex 26 3 47.6

the group committed for fraud ranks highest in general intelligence

score; while those committed for crimes of a social nature or for sex

crimes rank lowest. Recidivists (repeated offenders) scored higher
than first offenders. The modal chronological age of the whole group
of criminals fell between twenty-one and twenty-five years, nearly
one-half being twenty-five years old or younger. In amount of

schooling the criminal group fell far below the Army norms for

the population in general. The percentage of criminals who
had had more than an elementary school education was 16.2 per
cent as compared with the 27,0 per cent, of the Army draft; the
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percentage having less than an elementary school education was
47.3 per cent, as compared with 28.2 per cent, for the Army draft.

Results from the Alpha intelligence tests given to Negro criminals
were in general fairly similar to those for the white. The Negro
criminals in a given state were only slightly inferior to the Negro
draft from that state. The foreign-born criminals, also, were not

very inferior in Alpha score to the foreign-born Army draft. It is

difficult to interpret the data obtained from women criminals, since

there are no adequate Alpha norms for women. In addition, the

group of criminal women studied was small, consisting of only

eighty-five white and forty-one Negro women. The most clear-cut

conclusions which we may draw from the small section of Murchi-

son's data which we have considered are (1) that criminals are less

well educated but probably not inferior intellectually to the general

population; (2) that the type of crime committed is related to the

intelligence level of the offender.

2. Juvenile Delinquency
Slawson (46), in 1926, tested 1,543 delinquent boys, average

age fifteen years, five months, in four institutions in New York State

upon the N.LT., the Thorndike Non-Verbal Test, the Stenquist Me-

chanical Aptitudes Test, and the Woodworth-Mathews Personal Data

Sheet. Data were secured also on height, weight, sensory defects,

physical strength and vital capacity. Slawson treated his results in

two ways: first, the scores made by the delinquent boys were com-

pared with the norms reported by the author of each test; and, sec-

ondly, the scores on each test were correlated with estimates of "de-

gree of delinquency," based upon number of arrests and the severity

of the penalty for each offense. Correlations between estimates of

delinquency and lest scores were too low to indicate any real rela-

tionship. In verbal intelligence, i.e., upon the N.I.T., the delin-

quent boys were inferior lo the test norms, only 18 per cent, reaching

or exceeding the normal age medians. Slawson points oul, however,

that Lhis apparent inferiority may have resulted from the fact that the

groups upon whom the N.LT. norms were established were hardly

comparable in social status to his delinquent boys. Evidence favor-

ing this explanation was found in comparisons made within the

delinquent group, which indicated that race, nationality and paternal

occupation made for large differences in N.LT. score. In addition,
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one group of delinquent boys, who had been tested upon Stanford-

Binet, was compared with a dependent but non-delinquent group of

boys in an institution for dependents. This latter group was quite

comparable to the delinquent boys in social status. In this com-

parison, the delinquent boys proved to be superior in general intelli-

gence scores to the non-delinquent This suggests that much of the

apparent inferiority of the delinquents upon intelligence tests may
be the effect of their poorer social and environmental status.

Upon the Thorndike Non-Verbal Test, 32.6 per cent, of the delin-

quent boys reached or exceeded the test norm; and upon the Sten-

quist Mechanical Aptitude Test 49 per cent, in one institution, and

44 per cent, in another, reached or exceeded the test norms. It is

evident that the more the test depends upon concrete, mechanical

ability and the less upon verbal or scholastic aptitude, the better

the performance of delinquent boys relative to the standardization

groups. Concrete and manipulative tasks are those in which social

status, education and training count least; and it is in these tasks

that the delinquent boys are the least handicapped.

As judged by the emotional stability questionnaire, the delinquent

group exhibited more neurotic traits than do unselected school chil-

dren. The percentage of delinquent boys reaching or exceeding the

normal mean was 84.4 per cent.
;
that is, 84.4 per cent, of the delin-

quents gave a larger number of neurotic responses than the average

non-delinquent child of the same age. Differences in nationality as

well as in social status, as between the delinquent and non-delinquent

groups, probably affected these results somewhat, since children of

foreign parentage tend to give more neurotic answers to the Wood-

worth-Mathews questionnaire than do native-born children. But when
the delinquents of American parentage were compared with

Mathews' non-delinquents (among whom were some children of

foreign parentage) the delinquent group still had an average score

of sixteen neurotic answers as compared with an average of nine

for the non-delinquents. Similarly, in a group of Hebrew Orphan
Asylum children (all non-delinquents) tested by Slawson, only 55

per cent, reached or exceeded the normal mean, as contrasted with

81 per cent, of a delinquent Hebrew group.
In height and weight the delinquent boys were equal to the norm,

with some indication of greater than average physical maturity.
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Sensory defects appear to be more frequent among delinquent boys
than among normals of the same age. In strength of grip, and in

vital capacity, the older delinquent boys were somewhat inferior to

the non-delinquent.
In addition to the tests and the questionnaire, certain environ-

mental data were gleaned from the case records of the delinquent

boys. Comparative "normal" data were secured by means of a

questionnaire filled out anonymously by 3,198 New York City

public-school children, selected from different social levels. Com-

parisons of these data suggest that defective parental supervision and

bad home conditions are important factors in juvenile delinquency.

Atypical marital status of the parents, i.e., separation, divorce or

death, was reported in 45.2 per cent, of the delinquent, and only 19.3

per cent, of the normal groups; over three times as many delinquent

as normal children had step-parents; and over seven times as many
had been in orphan asylums. Environmental factors such as the

mother being employed, size of family, number of rooms at home,

showed little or no relation to delinquency when differences in

nationality and social status were eliminated.

In another comprehensive study of character and emotional traits

in delinquents and incorrigibles, Cady (13) tested several groups
of boys twelve and one-half to fourteen and one-half years old,

including 150 school boys and seventy boys in a reform school. Five

tests were administered: an adaptation of the Woodworth P.D. Sheet;

a moral judgment test; and three honesty tests, viz., a self-scoring

sentence completion test, a square and circle "coordination" test,

and an overstatement test. The boys were all rated for "incorrigibil-

ity" by their teachers, and these ratings combined to give a behavior

criterion. In order to increase the reliability of the criterion ratings,

only those ratings which were based upon a feeling of certainty were

included. For these ratings based upon averaged teachers' judgments

the reliability was .96. When the scores of the reform school group,

the incorrigible group and the corrigible groups were compared, a

regular order was obtained upon nearly every test. The corrigible

group ranked higher than the incorrigible, and the incorrigible, in

turn, higher than the reform school group. The correlations between

scores on each of five tests, and the incorrigibility estimates made

upon the group of 150 school boys were as follows: squares and
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circles, .40; sentence completion, .19; overstatement, .41; moral

judgment, .31; and P. D. Sheet, .36. While none of these individual

correlations is high, when all five tests were combined into a single

battery, the multiple correlation was .58 between the battery and

the estimates of incorrigibility. The results of Cady's study indicate

that poor emotional control, dishonesty and lack of self-control, as

estimated by tests, are definitely related to judgments of incorrigibil-

ity based upon overt behavior. Probable incorrigibility could

be forecast with fair accuracy from such tests.

Courthial (15), in a recent study of delinquent girls, has at-

tempted to equalize some of the more disturbing environmental fac-

tors which make comparisons of delinquents and non-delinquents
so difficult. Courthial compared eighty-two delinquent and eighty-

two normal girls, ages fourteen to eighteen years, on a number of

emotional and character tests. All of the girls in both groups fell

within the normal range of intelligence. The girls in the non-delin-

quent (control) group were paired with the delinquent girls for

chronological age, Otis S.A. score, cultural status as determined from
the Burdick Apperception Test, and occupational status of father,

as rated by the Sims' card (p. 121). Table XII enables us to make a

comparison of the differences between the delinquent and the control

groups. Each difference has been divided by the S.D. (diff.). When
D

S D (diff )

*s ne atiye
? ft indicates that the delinquent girls' aver-

age was lower than that of the normal group; positive ratios indicate

the delinquent girls to be higher.

TABLE XII

tNQUENT AND
TIONAL AND C

(from Courthial [15])

A COMPARISON or EIGHTY-TWO DELINQUENT AND EIGHTY-TWO NORMAL GIRLS UPON A
NUMBEE OF EMOTIONAL AND CHARACTEE TESTS

Tests

1. Pressey X-0 (Juvenile form)
Test I.

"
things considered wrong""" ........... -4 <>Q

Test II. "worries" ...... ......
,o 70

Test III. "interests", . .

...................
T

\ A l

Allthreetests . .

......
..' ..";

........ + l

ft
2. Woodworth-Mathews Questionnaire . , .

.......
4-7 65

3.
Moral_ Knowledge (seven testa selected from Ilartshorne and May series) -2 18

5 OtfeSu* Tib.Pup^
cating) aeK-Kwring technique, used with Army Alpha +2 ! 65

6. May and Hartshorne Persistence Test
.................. -h*-30

(Story resistance test).......... ............. 4 5 27
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Table XII shows that the delinquent girls considered fewer things
to he wrong, worried about more things, and tended to have more

interests than the non-delinquent. The most striking difference was

the greater number of neurotic symptoms reported by delinquent

girls upon the Woodworth-Mathews questionnaire. Delinquent girls

were more resistant to suggestion, and more persistent than the non-

delinquent group. Also, they cheated more, and their knowledge of

moral concepts was less exact than the non-delinquent group. On
the whole, emotional differences, as between the delinquent and

normal girls, were both striking and consistent. This is all the more

significant since measured intelligence and background were ap-

proximately, at least, equalized. This study shows again the impor-
tant role which character and personality tests may play in the

investigation of problems of this kind.

The investigations reported in this section agree in finding juve-

nile delinquents and incorrigibles not markedly lower in tested in-

telligence than comparable normal groups. The deviation of the

delinquent from the normal is rather in character and personality

traits than in abstract intelligence; in poorer emotional stability and

self-control and in ignorance of social and moral concepts. Broken

homos are also definitely related to juvenile delinquency. Knowl-

edge of these factors has been made more definite and sure through

experimental studies with psychological tests.
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